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1 General introduction 
1.1 History of adhesive bridges 
The history of the development of adhesive fixed partial dentures goes back to 
1973. In that year Ibsen1 and Portnoy2described the possibility of tooth repla-
cement by means of the acid-etch technique. An acrylic tooth', an extracted 
tooth1,3 and an all-composite construction2 were used as pontic and bonded 
with composite resin to the etched enamel of the abutment teeth. These adhe-
sive bridges were not considered as permanent. Fifty percent of the composite 
pontics were lost within a few years4, . Several improvements of these types of 
adhesive bridges were suggested. The improvements consisted of: 
- preparing class III cavities in the abutment teeth to increase the retention6 
- inserting pins in the abutment teeth to increase the retention5 
- the use of a prefabricated framework to strenghten the composite 
- the use of a meshwire, to strenghten the composite pontic8. 
Despite the mentioned improvements the successful application of this type of 
adhesive bridges was restricted to a small and carefully selected group of 
patients. 
A major improvement was based on the idea of Rochette9. Rochette suggested 
a bonded gold cast splint to stabilize mobile teeth and to replace a single ante-
rior tooth. Howe and Denehy10 described this technique using a rigid nickel-
chromium alloy frame which allowed a thinner design and limited overcon-
touring. These bridges were advocated for the replacement of a single anterior 
tooth with limited occlusal load. Livaditis11 was the first to report about the 
replacement of posterior teeth using this technique. An adjusted design in 
combination with some abutment tooth modifications resulted in an adhesive 
bridge, which was considered strong enough to withstand occlusal forces. 
The bonding of the frame to the enamel depends on macromechanical reten-
tion, which is provided by a number of perforations in the framework. The 
strength of the composite resin in the retentive holes was considered as the 
limiting factor in the bond. 
In search of a higher retentive capacity of the framework Livaditis and 
Thompson12 made use of a technique introduced by Tanaka et al.13. By elec-
trolytically etching the framework an effective retentive surface was created 
for the bonding resin. 
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Since the introduction of these, so called microretentive bonded bridges, 
research is mainly focussed in two directions: (1) development of the bridge 
design by tooth modifications and (2) development of the bonding resins as to 
achieve higher bond strength values. A more detailed discussion of the recent 
developments is presented in chapter 2. 
1.2 Classification 
Several types as well as many synonyms of adhesive bridges are known from 
the literature. A number of anglo-american synonyms, some of them related 
to a specific type of adhesive bridge, is listed in table 1 - 1 . 
Table 1-1 Overview of anglo-american synonyms for adhesive bridges 
Synonym 
Adhesive bridge 
Acid-etch bridge 
Resin bonded bridge 
Composite retained onlay bridge 
Etched metal bridge 
Etched cast acid-etch retained fixed partial denture 
Rochette bridge 
Maryland bridge 
General/Specific 
G 
G 
G 
G 
S 
S 
S 
s 
The term adhesive bridge is preferable in the authors opinion because it indi-
cates the essence of these bridges (which is adhesion to enamel). Moreover it is 
the shortest term. 
Classifications of the various types of adhesive bridges are reported by Creu-
gers and Eschen14, Wiltshire and Ferreira15 and Hamada et al.16. 
The adhesive bridges reported in the literature can be divided in two types. In 
type I adhesive bridges the pontic is connected directly to the abutment teeth, 
sometimes with the use of a prefabricated substructure. In case of a type II 
adhesive bridge the pontic is part of a cast metal framework and connected to 
the abutment teeth by the casting. 
Table 1-2 comprises the distinct adhesive bridge designs classified according 
to material, substructure and clinical procedure. 
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Table 1-2 Adhesive bridges classified according to material, substructure and 
clinical procedu res 
type 
I 
II 
material 
natural tooth 
composite resin 
acrylic tooth 
(prefab) 
acrylic resin/porcelain 
+ cast metal 
acrylic resin/porcelain 
+ etched cast metal 
substructure 
no 
non rigid 
no 
non rigid 
no 
non rigid 
rigid 
rigid 
clinical procedure 
direct 
direct 
direct 
direct/indirect 
direct/indirect 
direct/indirect 
indirect 
indirect 
Based on clinical results, type II adhesive bridges are considered to have a bet-
ter clinical prognosis than type I adhesive bridges4'5,17"20. Recent studies con-
firm these findings21,21. Limitations in wear resistance and strength of type I 
adhesive bridges have restricted their application to provisional procedures. 
Although long-term clinical observations of type II adhesive bridges are scar-
ce, this type is considered to have a potential permanent character19,21. The 
experimental clinical work described in this thesis concerns type II adhesive 
bridges. 
1.3 Relevance of the study 
The importance of this study is based on two major considerations: (1) dental 
health aspects and (2) economical aspects. 
1.3.1 Dental health aspects 
When a tooth is lost and orthodontic treatment is not considered, the follo-
wing standard prosthetic solutions are available: 
- fixed prosthodontics (bridgework) 
- removable prosthodontics (RPD) in the form of: 
. metal frame RPD 
. acrylic plate RPD. 
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Replacement by an implant is not considered a standard solution at this time. 
The choice of the prosthodontic appliance is dictated by many factors, one of 
them is the condition of the abutment teeth. When the abutments are partly 
damaged by caries, old restorations or fracture, crowns are an efficient way to 
restore them. These crowns serve as protecting restorations for these teeth and 
are also used as retainers to support the replacing tooth (the pontic). 
As caries was one of the main causes of tooth loss, the conventional fixed 
bridge was the first treatment option. However, in major parts of the western 
countries caries prevalence is decreasing23,24. As a result more people will 
retain their own, eventually incomplete, dentition. Zarb et al.25 expected that 
partial destruction of the dentition will become more prevalent than complete 
destruction, since (due to caries reduction) more teeth are at risk for periodon-
tal diseases and traumatic accidents. 
Because of these facts it is to be expected that in the future the incomplete den-
tition will have more sound teeth than in the past. A conventional bridge 
needs crown preparations in the abutment teeth to provide the necessary 
retention, which is a destructive approach in case of sound abutment teeth. 
The iatrogenic consequences of conventional bridgework are well known: 
they involve the pulp and surrounding tissues26,27. This means that the applica-
tion of conventional fixed partial dentures will become relatively more trau-
matic. From a biological point of view the adhesive bridge is a non-destructive 
approach compared to the conventional bridge. As a matter of fact a non-des-
tructive approach is to be prefered in sound abutment teeth. 
A RPD is also a non-destructive approach for tooth replacement, at least with 
respect to tooth enamel. However, most patients prefer a fixed replacement 
for obvious reasons. When good oral hygiene is performed a metal frame RPD 
is an acceptable treatment option in terms of durability and effects on the sur-
rounding tissues28,29. The negative effects of the acrylic plate RPD are well 
documented30. The insertion of an acrylic plate RPD is generally the first step 
towards gradual break-down of the remaining dentition. It is the worst treat-
ment option and should only be used temporarily. 
1.3.2 Economical aspects 
Conventional bridges are expensive, too expensive for many health care sys-
tems and individuals. The result is that in the Netherlands probably 70% of 
the missing teeth are replaced by an acrylic plate RPD29. This means that 
about 70% of the teeth are replaced by an appliance, which in due course may 
lead to the destruction of the remaining dentition. In other words, the so cal-
4 
led cheap solution with the acrylic plate RPD is in the long run a very expen­
sive solution, both economically and biologically. 
Compared to the conventional bridge the cost of an adhesive bridge is low. A 
successful development of the adhesive bridge may lead to a change of the 
existing indication pattern, which is depending partially on economical 
aspects. This change should be considered to be a break-through with respect 
to oral health care. 
1.4 Problems 
In adhesive bridges (type II) the following specific problem fields are defined 
(figure 1-1)31. 
A The bonding of adhesive bridge luting resins to the abutment teeth. 
В The bonding of adhesive luting resins to the cast framework. 
С The physical and chemical properties of adhesive bridge luting resins. 
D The design of adhesive bridges. 
In this section only a short introduction of the problem fields is given with the 
purpose to understand the objectives of this study more easily. The problem 
fields will be discussed further in chapter 2. 
A. The bonding of adhesive luting bridge resins to the abutment teeth. 
This problem is not specific for adhesive bridges, but it is of prime impor­
tance. The success of an adhesive bridge depends on the capability of the 
luting resin to bond to the abutment teeth. An important factor in the 
bonding is the quality of the etched enamel. The main criterion in this res­
pect is the bond strengh and its stability under oral conditions. 
В The bonding of adhesive luting resins to the cast framework. 
The bonding of luting resins to the cast framework is mainly based on a 
mechanical retention. Recent developments such as the OVS system (Sn-
plating) as well as the silanisation of the castings open possibilities for true 
adhesive bonding. An important factor in this problem field is the prepa­
ration of the casting. 
The major criterion is the bond strength. 
С The physical and chemical qualities of adhesive bridge luting resins. 
Many investigators have reported that failure of adhesive bridges occur­
red most frequently as a cohesive fracture in the composite resin21,32"34. 
Other important criteria besides bond strength arc tensile strength, film 
thickness, stability and clinical procedures. 
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Figure 1-1 Schematic representation of the problem fields in type II adhesive 
bridges. 
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D The design of adhesive bridges. 
The most important criterion in the design of the adhesive bridge is the 
way in which the construction spares the weakest link and strenghtens the 
bonding system. 
In this direction many suggestions have been made 1 1 ·2 0 '3 5"3 7 . 
The design principles are based on preparation of the abutment teeth and 
in the outline form of the retention wings. The dilemma is that resistance 
against tensile and oblique forces must be sufficient while on the other 
hand only minimal tooth preparation is required. 
1.5 Objectives of the study 
The main objective of this study was to investigate the influence of relevant 
oral factors on the behaviour of adhesive bridges under clinical conditions and 
to explore the influence of some factors of potential importance. 
As seen in section 1.4 many variables may exert an influence on the behaviour 
of adhesive bridges. Because this scale of variables is too complex to study in 
one research design a selection has been made. The selection is based on the 
following principles: 
1 From a biological point of view there is need for prosthetic devices in 
which loss of sound hard tissues is minimal. The design of the adhesive 
bridge is an important factor in this matter. This study is based on a bridge 
design which leaves the abutment teeth as intact as conditions permit. 
Designs in which major tooth preparations are requested are avoided in 
this study. 
2 From an economical point of view there is a need for in-expensive prosthe-
tic devices. This means that procedures in fabricating and applying adhe-
sive bridges have to be simple. Based on known information a selection is 
made of several combinations of type of retention and type of luting resin. 
These combinations are tested in vitro as well as in vivo in this study with 
the purpose to find the optimal combination of simplicity and longevity. 
3 Variables which were not directly related are not tested in this study. For 
instance the influence of the etching time is not investigated. The values of 
these variábales are based on known data from the literature and kept con-
stant in the design of the study. 
Using the restrictions made above in regard to the problem fields, the aim of 
the study is formulated as follows: 
1 To study the effect of the retention type of the bridge on the survival rate 
of adhesive bridges. 
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2 To study the effect of luting resins on the survival rate of adhesive bridges. 
3 To find which clinical variables are affecting the survival rate of adhesive 
bridges. 
4 To get insight in the factors which affect the short-term survival rate of 
adhesive bridges. 
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2 The bonding system of adhesive 
bridges 
2.1 Introduction 
In dentistry bonding depends on two principles: (1) mechanical retention and 
(2) adhesive bonding. The first and best known principle is that of mechanical 
retention. Both the retention of amalgam restorations (undercuts) and the 
retention of cast restorations (blocking) are based on the principle of macro-
mechanical retention. A method of creating a microscopic mechanical reten-
tion on tooth surfaces was first described by Buonocore (1955): etching of 
enamel with a phosphoric acid resulted in a microretentive surface. 
A true adhesive bonding is a result of intermolecular forces (i.e. physical or 
chemical bonding). Bowen (1969) developed Bis-GMA, an acrylic resin which 
has the possibility to form an adhesive bond with enamel. Although the most 
important break-throughs in the bonding to enamel were reported already in 
the fifties and early sixties, a wide application of the acid-etch composite resin 
technique was not expressed before the early seventies. Nowadays the bon-
ding capacity of the technique is used in most dental disciplines. 
As described in chapter 1, the adhesive bridge has a history of more than a 
decade. The popularity of the adhesive bridge is based on the principles of 
bonding: the adhesive bridge allows a fixed tooth replacement without the 
need of extensive tooth preparation as needed in a conventional fixed bridge. 
The success of adhesive bridges is related to the success of the bonding system. 
It is a result of: (1) the bonding of the luting resins to the abutment teeth, (2) 
the bonding of the adhesive luting resins to the cast metal framework and (3) 
the physical and chemical qualities of adhesive luting resins. 
In this chapter the known information about these aspects is discussed. Fur-
thermore some attention will be paid to the retainer design. Two in vitro stu-
dies (dealing with some of the materials used in the clinical study) supplement 
the literature data. 
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2.2 The bonding agents: adhesive bridge luting resins 
2.2.1 Introduction 
Parallel with the development of adhesive bridges, a development of the adhe-
sive bridge luting cement has taken place. Firstly conventional type composite 
resins were used for insertion of adhesive bridges. Already in 1952 there were 
synthetic resin cements available to the dental profession. However, it took 
until recently that special luting resin cements were made available which 
could satisfy the special demands. Since a type II adhesive bridge is a cast res-
toration, having a precize fit in the patient's mouth, the requirements for the 
luting resin cements were resembling those formulated for conventional den-
tal luting cements. However, there are distinct differences between the requi-
rements for conventional dental cements and those for the composite cements. 
The major part of adhesive bridge luting cements is still based on composite 
resins because composite resins have proved their bonding capacity to enamel. 
This section deals with the requirements for adhesive bridge luting resins as 
well as with some basic information about dental adhesives. Information is 
gathered from both literature and user's instructions of commercial adhesive 
bridge luting resins. 
2.2.2 Factors influencing the adhesion 
In general the quality of adhesion is affected by a number of factors13. 
- The wetting. The wetting power of a liquid is represented by its tendency 
to spread on the surface of the solid1. The wettability of a liquid may be 
represented by the angle of contact between the liquid and the solid surfa-
ce. The contact angle results from a balance of surface and interfacial ener-
gies. The greater the tendency to wet the surface, the lower the contact 
angle, until complete wetting occurs at an angle equal to zero. The wetting 
is influenced by both the characteristics of the liquid (adhesive) and the 
solid (substrate). In adhesion to enamel the characteristics of the solid are 
influenced by etching the enamel. This condition results in a clean surface, 
decreases the contact angle to monomers and increases the surface energy, 
all in favour of the wetting (see section 2.3.2). The surface treatment of the 
metal framework in micromechanical retained adhesive bridges has the 
same purpose. 
The wettability of the liquid adhesive resin is favoured by a decreased sur-
face tension. The surface tension of the adhesive can be lowered by the 
addition of a solute. 
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- The penetration of the adhesive in the porous substrate. The penetration is 
influenced by (1) the viscosity of the adhesive (the lower the viscosity the 
better the penetration), (2) the wetting (see above), (3) the penetration time 
(a minimum of time is required for optimal bonding4), and (4) the surface 
tension of the adhesive. The use of an unfilled resin in composite resin sys-
tems is in favour of the penetration in the substrate. However, recommen-
dations with respect to the use of an unfilled resin are conflicting5,6. 
- Other factors influencing the adhesion. Other factors influencing the adhe-
sion are incorporations of air or other polutions (such as precipitated cal-
cium phosphate after the etching to enamel). Incorporation of polutions 
decreases the adhesive strength. It is influenced both by the method of the 
conditioning of the substrate (section 2.3) and the manipulation of the 
adhesive. 
2.2.3 The ideal dental adhesive 
A dental adhesive should meet a number of requirements to be an ideal adhe-
sive for bonding to tooth structures1,2. It should: 
- be simple in application 
- have a short setting time after application 
- be biocompatible to the oral tissues 
- show dimensional stability 
- show adequate bonding (adhesive strength) over a long-time span 
- show adequate resistance (compressive strength; cohesive strength) against 
biting and chewing forces. 
2.2.4 The requirements of an adhesive bridge luting resin 
Apart from the general requirements for a dental adhesive there are some 
additional requirements which are related to the application of the adhesive. 
For instance, for restorative composite resins it is a necessity to have esthetical 
qualities and for the use of the materials in the posterior region they have to 
show high wear resistance. For adhesive bridge luting resin there are also some 
additional requirements such as: (1) sufficient working time for insertion of 
the bridge, (2) a certain maximum of film thickness and (3) adequate bonding 
to the metal framework. Furthermore it is required that the resin cement is an 
(eventually photo-initiated) autopolymerizing system. 
Based on the requirements mentioned above, the following criteria may be 
used for the selection of a suitable adhesive bridge luting resin. 
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Manipulation. In adhesive bridges only (eventually photo-initiated) auto-
polymerizing resins are suitable. The dentist should have sufficient time to 
mix the composite, apply the resin to the aquired surfaces, seat the 
appliance in the mouth and trim away excess of cement. For retainers with 
many abutment teeth this may require several minutes, two or three minu-
tes at least. Restorative autopolymerizing composite resins may be critical 
in this respect. Most of the composite luting resins have a setting time in 
the range of 150 seconds to'200 seconds7. In the ideal situation the operator 
is able to control the setting time himself. To a certain extend this is possi-
ble with Panavia Ex® and Micropont® luting resins. 
Bond strength to enamel. The bond strength values of restorative compo-
site resin systems to enamel are varying from 12 MPa to 20 MPa1,8. The 
bond strength values of luting resin systems for adhesive bridges are 
within this range9"13. Bond strength values over 20 MPa have been reported 
for cyanoacrylates, however, these bonds were prone to break-down 
under prolonged exposure of water14,15. It appears that the maximum 
achievable bond strength of dental adhesives to enamel is in the order of 12 
to 20 MPa. Therefore, with respect to this criterion, an adhesive bridge 
luting resin may be considered to reflect the current 'state of the art' if the 
bond strength is in this range. 
According to this criterion current glass-ionomers and conventional den-
tal cements are unsuitable for luting adhesive bridges, since their bond 
strength to enamel is below this range. 
Bond strength to metal. Since the bond of luting resin cements to a macro-
mechanical retainer is (almost completely) based on interlocking, the bond 
strength depends directly on the cohesive strength of the cements. The 
cohesive bond strength values of conventional composite resins are repor-
ted to be higher than those of microfilled composites (see cohesive 
strength). From this point of view, in macromechanical retained adhesive 
bridges the use of conventional composites is to be prefered over that of 
microfilled composites. Craig3 reported higher bond strength values for 
filled diacrylates than for unfilled acrylics in bonding metal brackets. In 
micromechanical retained adhesive bridges the bond strength values of 
luting resins to metal are ranging from 4 MPa to approximately 50 MPa 
(see section 2.4). The bond strength is depending on (1) the luting resin, (2) 
the metal alloy and (3) the surface treatment of the metal. Therefore a par-
ticular luting resin may be suitable in combination with a particular metal 
or metal treatment while being not an appropriate choice in combination 
with another one. A luting resin for micromechanical retained adhesive 
bridges is considered to be acceptable in case it shows bond strength values 
to metal of more than 20 MPa, which is the maximum bond strength of 
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resins to enamel However, a combined in vitro/in vivo research is neces-
sary to elucidate what minimum bond strength to metal is required. 
Cohesive bond strength Most of the composite resin systems display grea-
ter cohesive strength than adhesive strength. The cohesive strengths repor-
ted for conventional composite resins range from 35 MPa to 55 MPa ^6'1 . 
Micro filled composite resins and unfilled aery lates have lower values. 
They show cohesive strength values up to approximately 35 MPa Since 
cohesive strength affects the retention of macromechanical adhesive brid-
ges directly, best results are to be expected in using conventional type com-
posite resins for the bonding of these bridges. It is obvious that high cohe-
sive strength values are also preferable in micromechanical retainers. Due 
to the aspects mentioned above (see bond strength to metal and section 
2 4) the situation is more complex in micromechanical adhesive bridges. 
Other criteria, such as the bond strength to metal, might be of more 
importance than the cohesive properties. However, cohesive strength 
values below 20 MPa might be considered to weaken the system Conven-
tional dental cements and glass-ionomer cements usually do not meet these 
requirements. 
Film thickness In conventional dental cements the film thickness is an 
important criterion It might affect (1) the solubility and désintégration of 
the cement, (2) the cohesive strength of the cement and (3) the fit of a pros-
thetic appliance with respect to occlusion. The ADA-specification for film 
thickness of traditional dental cements requires a maximum film thickness 
of 25 μτη This requirement seems not to be appropriate for adhesive 
bridge composite resin cements, since the solubility and disintegration of 
composite resins in oral fluids are almost negligible2,3. Furthermore the 
cohesive strength of a composite resin is not generally weakened by a thic­
kening of the cement layer within reasonable limits7 1 2. With respect to 
occlusion the film thickness may be critical in case the luting resin cement 
displays a film thickness over 20 μιτι In case the retainer is not involved 
with the occlusion this requirement is not necessary Most of the special 
adhesive bridge luting resins display a film thickness below 25 /xm7'18. 
Dimensional stability Dimensional changes in polymer resins may be rela­
ted to (1) polymerization shrinkage, (2) water sorption and (3) thermal 
expansion The polymerization shrinkage depends on the filler volume of 
the composite and is observed in all composite resin systems. The volume­
tric polymerization shrinkage of conventional composites -s in the range 
from 1.0 percent to 1 7 percent3,17. This shrinkage creates tensile stresses 
up to 13 MPa at ihe interface between resin and tooth and might lead to 
marginal leakage and early failure3 Microfilled resins are even more sus­
ceptible to this type of failure because of a higher volumetric polymenza-
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tion shrinkage (1.7 to 2.1 percent17). The volumetric shrinkage during 
polymerization of unfilled resins is about 6 percent3,17. The application of 
a load during setting is recommended as to intercept a part of the setting 
shrinkage2. It is postulated that part of the polymerization shrinkage is 
compensated by swelling of the resin as a result of water sorption. Con-
ventional composites have lower values of water sorption (0.3 to 0.7 mg/ 
cm2)3,17 than microfilled systems (0.7 - 2.2 mg/cm2) and unfilled resins (ap-
proximately 2 mg/cm2). The influence of water sorption is greater in 
macromechanical retained adhesive bridges than in micromcchanical retai-
ners. The differences in thermal expansion of adhesive resins and thermal 
expansion of tooth structure and base metal alloy of the retainer may cause 
thermal stresses at the bonding interface. Conventional composite resins 
show a more favourable thermal coefficient of expansion than microfilled 
composites and unfilled acrylics. 
- ¿055 of substance. Although solubility and disintegration are almost negli-
gible, a loss of substance is seen in all composite resin systems. An impor-
tant factor in the loss of material substance is the relatively low wear resis-
tance of composite resins. In micromcchanical retained adhesive bridges 
the luting resins are protected against wear by the metal framework, while 
in macromechanical retainers a substantial part of the composite cement is 
exposed to wear. Therefore the use of highly wear resistant composite 
cements is recommended in the application of macromechanical retained 
adhesive bridges. The wear resistance of the especially developed luting 
resin for micromechanica! retainers is considered to be insufficient for the 
application in macromechanical adhesive bridges7. 
2.2.5 Summary 
The suitability of an adhesive bridge luting resin is related to the method of 
retention of the adhesive bridge. In general, the especially developed luting 
resins for micromcchanical adhesive bridges are unsuitable for macromechani-
cal retainers because of their low wear resistance. Conventional composite 
resins are considered to be suitable in macromechanical retainers because they 
show best mechanical properties. A disadvantage of these composite resins is 
the relatively short manipulation time. This may cause problems for the unex-
perienced operator and may result in decreased mechanical properties. 
In micromcchanical retained adhesive bridges the quality of the bonding is 
related to the luting resin as well as to the surface treatment of the base metal 
alloy of the retainer. A bond strength of more than 20 MPa at the metal/resin 
interface is considered to be acceptable. The application of conventional com-
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posile resins may be critical with respect to the film thickness of the cementa­
tion material. 
Conventional dental cements and glass-ionomer cements are unsuitable for 
luting adhesive bridges because the bond strength to enamel as well as their 
cohesive strength values arc insufficient. 
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2.3 Bonding at the resin tooth interface 
2.3.1 Etched enamel bonding 
2 3 11 Introduction 
The adhesive bridge is owing its existence to the fact that it is possible to 
achieve a bonding between resins and tooth enamel Buonocore1 was the first 
to report that the bonding of acrylic restorative materials to enamel could be 
increased substantially by conditioning the tooth surface with a 85 percent 
orthophosphoric acid (H3PO4) Although the exact nature of the bond 
between resin and etched enamel has not been completely elucidated, mecha­
nical bonding is considered to be the major factor responsible for the increa­
sed bond strength of composite resins - which replaced the acrylic resins 
because of their shortcomings as direct filling materials - to etched enamel2. 
Etching the enamel with phosphoric acid removes organic debris from the 
enamel surface, opens microscopic pores in the enamel, and thus increases the 
surface area available for bonding In addition the superficial part of the ena­
mel (6-10 μτη) is removed The resin flows into the pores and forms minute 
tags thus interlocking the resin and enamel (figure 2-1). 
Figure 2-1 Schematic representation of the interlocking of resin and enamel 
after etching of the enamel surface 
The so-called 'etching pattern'has become subject for many investigators stu­
dying the acid-etch technique extensively. Silverstone3 reported that three 
basic etching patterns were produced on enamel surfaces: (1) Type 1 Etching 
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Patterns showed a preferential deminerahzation of the prism cores, (2) Type 2 
Etching Patterns showed a preferential deminerah7ation of the prism periphe-
ries, and (3) in Type 3 Etching Patterns the surface was etched satisfactorily 
but showed no morphological evidence of a prism pattern Although the type 
of etching pattern produced is considered to be of minor importance for bond 
strength4 (since all types of etching patterns show good bonding phenomena), 
SEM studies of the etching patterns have contributed in the understanding of 
the acid etch technique Besides bond strength studies, these morphologic 
studies were used to explain the influence of some of the acid-etch technique 
parameters In this section the literature is reviewed with respect to aspects 
which might be of importance from a theoretical point of view as well as in cli-
nical procedures in the application of adhesive bridges 
2 3 12 The influence of acid-etch variables m the acid-etch technique 
The success of the acid-etch technique in terms of an adequate and durable 
bond strength depends on a number of parameters· (1) the etching agent, (2) 
the etching procedure, (3) the etching time, (4) the qualitative aspects of the 
enamel, and (5) the adhesive material 
The etching agent 
Phosphoric acid produces the most desirable enamel etching effects compared 
to other etching acidss Although 85 percent orthophosphoric acid was used 
originally for bonding, the concentrations recommended nowadays range 
from 30 percent to 50 percent (w/w %) Numerous tensile bond strength stu-
dies have been performed to define an optimal concentration, resulting in a 
range from 8 percent to 65 percent H3PO46 Soetopo et al7 found a maximum 
bond strength for H^PC^ concentrations of 10-30 percent Scanning electron 
microscopy has also been used to determine the optimal concentration of the 
H3PO4 etching agent. 30% H^PC^ solution was found to be the most satisfac-
tory etching agent8 A concentration of 37% H^PC^ has become popular and 
is available in most commercial dental composite resin kits 
The etching procedure 
The etching procedure contains four steps. (1) (mechanical) cleansing of the 
enamel surface, (2) etching with phosphoric acid, (3) rinsing of the etched ena-
mel with water and (4) drying of the etched enamel 
Mechanical cleansing with a non-fluoridated polishing paste is recommended 
to remove the present plaque and pellicle layer prior to etching After the 
tooth surface is cleansed the area should be isolated in order to prevent sah-
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vary contamination of the etched enamel surface. Eidelman and coworkers9 
found no significant differences between the failure rates of sealants after iso-
lating with cotton rolls or rubberdam. However, the use of rubberdam is 
recommended in the acid-etch procedure because it prevents saliva contami-
nation best. The effect of salivary contamination on etched enamel surfaces 
was studied by Silverstone10 and Hormati et al.". They found that saliva con-
tamination - even for a single second10 — caused an adherent coating that mas-
ked the underlying etched enamel and resulted in a significant lower bond 
strength. If saliva contamination occurs incidentally after etching the proce-
dure has to be restarted10. 
The method of application of the etching acid has also been subject of study"" 
,6
. The mode of application (dabbing, rubbing and no agitation) had no signi-
ficant effect on the tensile bond strength of a composite resin to etched ena-
mel"'13. Moin and Dogon14 found that phosphoric acid solutions produced 
superior etched surfaces when compared to gels while Brännström and Nor-
denvall16 found no differences. 
Another important step in the etching procedure is the thorough washing of 
the etched surface with water. During the etching of the enamel, calcium and 
phosphate go into solution and they reprecipitate as primary or secondary cal-
ciumphosphate, which forms a layer on the etched surface and decreases the 
bond strength of composite resins to enamel17. The recommendations about 
the quantity of water needed to remove the precipitated layer on the etched 
enamel are varying from a 10 seconds wash13 to 60 seconds7. After washing the 
tooth surface is to be dried with air, using an oil-free air syringe. Specifications 
about the drying time are not found in the literature. 
The etching time 
The findings about an adequate etching time as to achieve optimal bonding 
conditions for composite resins to tooth enamel are varying from five seconds 
to 90 seconds13'16 20. However, more recently there is a tendency to prefer the 
shorter etching times13'18,21. Nordenvall et al.22 recommended an etching time 
of 15 seconds for young permanent teeth and a 60 seconds period of etching 
for adequate retentive conditions in old permanent teeth. 
The quality of the enamel 
Since the acid-etch technique is based on a partially demineralization of the 
enamel it is obvious that the quality of the enamel must have an influence on 
the quality of the etching. At this place attention is paid to three parameters 
influencing the quality of the enamel from an adhesion point of view: (1) the 
fluoride uptake in the enamel, (2) the preparation of tooth surface enamel and 
(3) the previous bonding of composites to enamel. 
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The effect of fluoride uptake in enamel has been studied extensively23"27. From 
caries research it is known that fluoridated enamel is substantially more resis-
tant against acid attacks than unfluoridated enamel. For creating an adequate 
etching pattern in fluoridated teeth longer etching times are required than in 
unfluoridated teeth. The appearance of a uniform matt white surface in the 
etched area after drying is accepted to be a useful criterion for judging the 
acceptability of the etch in the clinical situation. 
The preparation of the tooth surface has two effects: surface roughening and 
removal of the superficial acid-resistant enamel layer. The removal of the 
superficial layer of the enamel with a bur is considered to contribute to better 
retentive conditions by some investigators28,29. However, the results of a study 
by Nathanson et al. do not substantiate any claim that removal of surface 
enamel prior to etching is leading to superior bonding conditions. 
Debonding of a composite resin at the enamel-resin interface often results in a 
residual resin layer attached to the enamel. Removal of the residual composite 
resins as much as possible is recommended because it prevents adequate 
etching in the area involved. Etching of the tooth surface with residual resin 
patches undermines the periphery of the resin patches and may lead to a 
doubtful base for rebonding". However, the removal of this layer by grinding 
or pumicing is not considered to be a necessity for rebonding. The shear 
strength of the rebonding of composite resin to enamel may be equal to the 
strength of the original bond if the surface is re-etched'2. 
2.3.1.3 Summary 
From the literature reviewed it may be concluded that adequate bonding of 
composite resins is possible to properly conditioned enamel. The quality of 
the retention of a resin to etched enamel is affected by a number of parameters. 
The available commercial etching agents are satisfactory for proper etching. In 
the clinical etching procedures, one of the most important factors is to prevent 
any salivary contamination of the etched enamel surface: the use of rubber-
dam is recommended in this respect. Recommendations about the etching 
time needed for proper etching are found to be sometimes contradictionary. 
Etching times between 15 seconds and 60 seconds are considered to be suffi-
cient. Fluoridated and old permanent teeth require longer etching times than 
unfluoridated and young permanent teeth. However, this aspect is not studied 
extensively with respect to quantitative recommendations for etching times. 
Preparation of the surface enamel seems not to be necessary for optimal bon-
ding conditions. Rebonding of composite resins to previously bonded enamel 
is satisfactory if adequate precautions are taken. 
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2.3.2. The bond strength of adhesive bridge luting resins to a restorative 
composite resin 
2.3.2.1 Introduction 
Several investigators have formulated criteria for the indication of adhesive 
bridges1"3. Most investigators consider the presence of sound abutment teeth 
(i.e. with adequate tooth enamel) to be a necessity. 
However, there are circumstances that an adhesive bridge is indicated 
although the abutment teeth are not sound. For instance in case of a Class III 
or Class IV composite resin restoration. A possible solution is to involve the 
prepared abutment cavity in the retainer design of the adhesive bridge. The 
disadvantages of such a design are both the unnecessary loss of tooth material 
and unacceptable esthetics. A more practical approach is to maintain the com-
posite restoration especially in the anterior region. 
However, the presence of composite resin restorations may influence the 
bond strength of adhesive bridges, since less enamel is available for bonding. 
In case of applying a macromechanical retained adhesive bridge (i.e. Ruchette 
bridge) the luting resin used for bonding may be the same as the composite 
resin used for restoring the cavity. The highest bond strength is to be expected 
when restoring the cavity and inserting the bridge with one and the same 
brand of composite resin. The bond strength between two different brands of 
composite resin may be reduced. It depends on: (1) the age of the mature 
resin, (2) contamination (if any) of the mature brand, (3) viscosity of the com-
posite resin, and (4) surface treatment of the mature brand4,5. The tensile 
strength between the two brands may achieve 50-100% of the cohesive 
strenght of the composite resin5"7. 
In case of applying a micromechanical retained adhesive bridge the problem is 
more complex. In this situation, luting resin and restorative composite may be 
completely different. Restorative composites are considered unsuitable for 
luting micromechanical retained bridges because of inadequate handling cha-
racteristics and high film thickness. On the other hand the luting resins are 
unsuitable for restoring a cavity because of their low viscosity, low wear resis-
tance and often unacceptable esthetics. Bond strength values between luting 
resins and restorative resins are unknown. 
It was the aim of this study to investigate in vitro bond strength of luting 
materials for adhesive bridges to a composite restoration material. 
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2.3.2.2 Material and methods 
A conventional type composite resin, Clearfil F® (Cavex/Kuraray, The 
Netherlands) was used as a restorative composite resin. Cylinders (4 mm dia­
meter, and 25 mm length) were made of Clearfil F by inserting the composite 
resin into glass molds so as to simulate a Class III composite restoration. 
The cylinders were treated in three different ways: (1) five days storage dry at 
room temperature ('dry aging' treatment), (2) five days storage in water of 
370C ('wet aging' treatment) and (3) one hour storage in water of 370C ('wet' 
treatment). 
The luting resins used were Conclude® (3M Inc., U.S.A.) and Panavia Ex® 
(Cavex/Kuraray, The Netherlands). 
Clearfil F was also used as a luting resin in a control experiment. 
A bonding agent was used in combination with both Clearfil F and Conclude. 
For each luting resin and each treatment the number of specimens was six 
( n = 6 ) . 
Before luting the cylinders in pairs together, the interfacial surface of the spe­
cimens was cut and finished with 800 grit abrasive paper so as to create a flat 
surface. 
A V-shaped mold was used for directing the cylinders in the exact luting posi­
tion. The specimens were luted together following the manufacturer's instruc­
tions. During setting, digital load was applied. 
One hour after setting the luted specimens were stored in water (З^С) for one 
day and tested in an Instron TTCM (Instron Corp., England). The crosshead 
speed was 0.5 mm/min. 
2.3.2.3. Results 
The tensile bond strengths of the respective luting resins to Clearfil F are 
depicted in table 2-1. 
The results of this study show that the bond strenght of the tested luting resins 
to Clearfil F is influenced by the treatment of the substrate before luting. 
Compared to 'dry aging' a short water treatment of the substrate resulted in a 
significantly lower bond strength for Clearfil F and Panavia Ex (student t-test, 
ρ < 0.05). No difference was found for Conclude between the bond strength 
to Clearfil F after 'dry aging' and after 'wet' treatment. Aging of the substrate 
in water ('wet aging') resulted in a significantly lower bond strength of all 
luting resins (student t-test, ρ < 0.01). 
Most of the fractures were seen at the interface between the two cylinders. 
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Table 2-1 Mean bond strength of luting resins to Clearfil F m M Pa (SEM is 
given in parenthesis, η = 6 in each case). 
luting resin substrate treatment 
5 days dry 5 days H2O 1 hour H2O 
Clearfil F 40.2 (3.4) 12.6 (2.6) 30.3 (1.1) 
Conclude 22.5 (1.5) 10.7 (0.7) 22.2 (0.9) 
PanaviaEx 27.0 (2.2) 11.2 (1.1) 18.1 (2.3) 
Fracture within the cylinders was only observed in case of five days 'dry sto­
red' Clearfil F (two cases) and one hour stored Clearfil F (one case) luted with 
Clearfil F. 
2.3.2.4. Discussion 
It is feasible that the bond strength of Clearfil F will be the best because adhe­
rent and substrate are identical. However, after 'wet aging' the bond strength 
of Clearfil F to the substrate was reduced to the bond strength values of Pana-
via Ex and Conclude. Apparently, after five days storage of the substrate in 
water, the bond strength of the luting resins becomes critical. In this condition 
the bond strength of the luting resins to Clearfil F arc m the order of that to 
enamel. 
Although data of the bond strength to 'dry and fresh' Clearfil F are not availa­
ble, the results suggest the role of the water treatment of the substrate to be of 
more importance in this respect than the role of aging. According to Causton4 
the reduced bond strength is a result of the fact that 'water stored' composites 
have a less wettable and a more inhibitive surface than 'dry stored' composi­
tes. 
Although only one composite resin substrate was used in this study, the 
results may be considered to be indicative for other composite substrates as 
well. Causton4, Boyer et al.7 and Chan et al.6 found differences for the repair 
strength of several composite resins in absolute values. However, they found 
the same trend with respect to the influence of the respective treatment condi­
tions. 
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2.3.2.5. Conclusions 
The results obtained may have the following clinical implications: 
1 With respect to retention the presence of a composite restoration in the 
abutment tooth is not a contra indication for adhesive bridges, in case the 
restoration is replaced shortly before the insertion of the bridge. 
2 The best result is to be expected when the replacement of the composite 
restoration(s) and the insertion of the adhesive bridge is carried out in the 
same session. Under this condition the detrimental effect of water will be 
minimized. 
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2.4 Bonding at the resin metal interface: a comparison of four bonding 
systems 
2.4.1 Introduction 
Adhesive bridges are said to be susceptible to failure at the resin-metal interfa-
ce1"''. Along with a cohesive fracture of the composite resin cement this mode 
of failure is reported most frequently in the literature5"8. The method of reten-
tion of the retainer (i.e. the surface treatment of the metal frame) plays an 
important role in this matter. In vitro retention values reportedly are higher 
for etched-metal retainers compared to perforated retainers4,9,10. Creugers et 
al.11 reported a higher retention rate for etched-cast metal bridges after a 
period of one year in vivo compared to perforated retainers. However, there 
are also some disadvantages. It was reported that the consistency of the bond 
strength as well as the quality of the etched-metal retainers varied from one 
laboratory to another3,12. The metal-etch procedure is considered to be com-
plicated while the surface of the etched metal is susceptible for contamination. 
Another disadvantage is that etching of precious alloys does not give satisfac-
tory results at this moment. 
Knowing the limitations of the etched-metal procedure, some investigators 
developed other methods for retention based on the micromechanical princi-
ple. The bonding systems reported in the literature, as well as the lowest and 
highest bond strength values, are depicted in table 2-2. 
In general the bond strength of a composite resin cement to a metal alloy 
depends on 
1 the type of alloy5,14,15,35,36 
2 the surface treatment of the metal alloy8,19'25,26,29 
3 the luting resin cement15,18,24,38,39. 
As the bond strength is a result of these three aspects it may be expected that a 
combination of a certain metal alloy, surface treatment and luting cement will 
result in a maximum retention. However, more interesting than to find a sys-
tem with a maximum of retention is to find an 'optimum' bonding system, 
which is a method with simple procedures leading to consistently and suffi-
ciently high bond strength values. 
The bond strength values reported in the literature show substantial variation. 
This is not only a result of differences in materials and methods of the studies. 
Also within one experiment wide variations are exhibited. 
Thompson et al12 considered that reporting only mean and standard deviation 
can mask data highly skewed to low values and suggested that low bond values 
should be included in all data reported. In comparing low bond values to 
enamel-resin bonds and to cohesive bonds of the luting cements (see sections 
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2.2 and 2.3), evaluation of resin-metal bonding is possible with respect to 
mechanical requirements. 
It was the aim of this study to test and evaluate four metal bonding systems for 
adhesive bridges as far as it concerns initial bond strength. 
Table 2-2 Lowest and highest strengths of micromechanical bonding systems 
reported in the literature (in M Pa). 
bonding system 
(surface treatment) 
etching 
two-step etching 
immersion etching 
porous patterns 
silicoating 
sandblasting 
fire cycling + 
sandblasting 
electroplating 
references 
3,5,10,13-18 
19 
20 
21 
22,23 
14,24-34 
35,36 
37 
lowest bond 
strer 
repo 
9 
13 
4 
13 
9 
ights 
rted 
(13) 
(22) 
(25) 
(35) 
(37) 
-
21 
50 
21 
+ 
± 
± 
4 
9 
3 
highi 
strer 
est bond 
'ghts 
reported 
39 
19 
43 
53 
10 
(14) 
(23) 
(14) 
(36) 
(37) 
( ) corresponding reference nr. 
2.4.2 Material and Methods 
Four combinations of alloy surface treatments and luting resin cements were 
tested for tensile bond strength. The combinations (bonding systems) used in 
this study were: 
1 silicoating in combination with Micropont®::" (Kulzer silicoating system") 
(SI) 
2 sandblasting in combination with Panavia Ex®+ (SA) 
3 electroplating of Sn in combination with Panavia Ex®+ (Kura-ace system 
+ + ) (EL) 
4 etching in combination with Clearfil F®+ (ET). 
The testing of SI and EL was done since a true adhesive bonding is claimed in 
these systems. The SA system was chosen because of its simple procedures. 
The testing of the ET-system was done as a reference experiment since clinical 
information about this combination was available". 
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Cylinders (approximately 8 mm diameter and 25 mm length) were cast from 
(A) Vitallium®* (a Co-Cr alloy) and (B) NP2®* (a Ni-Cr alloy). 
The surfaces of one of the flat sites of the cylinders were pretreated prior to 
bonding. 
The main steps in the respective surface treatments were: 
SI: sandblasting 250 /u.m Corundum - surface cleansing with Siliclean::" - sili-
coating in Kulzer Silicoater" - application of Silicoup-Haftvermittler' 
and opaque bonding resin::" on the silicoatcd surface. 
SA: sandblasting 50 μιη Al oxyde - surface cleansing with water. 
EL: sandblasting 50/i.m Al oxyde - surface cleansing with Kura-ace cleansing 
solution+ + - Sn-plating in Kura-ace model 100+ + + using Kura-ace plating 
solution"1"1". 
ET: sandblasting 50 μτη AI oxyde - electrolytically etching in 0.1 Ν HNO3 
with 20 cc per liter acetic acid during 5 minutes at 400 m A/cm2 and 10 
minutes ultrasonic in 18% HCl (NP2), or electrolytically etching in 18% 
HCl during 10 minutes at 400 mA/cm2 and 10 minutes ultrasonic in 18% 
HCl (Vitallium). (NP2 is pretreated 5 min. ultrasonic in 5% Ammonium). 
The bonds were established by bonding pairs of similar, and simultaneously 
treated cylinders with the respective luting resin cements mentioned above. 
The pretreated surfaces were coated with the mixed resin, following the 
manufacturer's instructions. Then they were pressed together using a digital 
load. A jig was used to align the specimen uni-axially during the polymeriza­
tion of the resin. The bonds were left undisturbed for 15 minutes and then sto­
red dry at room temperature for one hour (I) or in water at 370C for one week 
(II) then tested for bond strength in an Instron::'::' testing machine. The cross-
head speed was 0.5 mm/min. The bond strength at failure was calculated as the 
failure load divided by the interfacial surface area of the cylinders. A total 
number of 16 sample groups (group size η = 6) were evaluated for significant 
differences using two-way analysis of variance at ρ = 0.01. 
* Micropont, Kulzer silicoating system, Siliclean, Kulzer Silicoater, Sili-
coup Haftvermittler and Kulzer opaque bonding resin: Kulzer & Co 
GmbH, 6393 Wehrheim/TS, West-Germany. 
+
 Panavia Ex and Clearfil F: Cavex/Kuraray, Haarlem, The Netherlands. 
+ +
 Kura-ace system, Kura-ace cleansing solution and Kura-ace plating 
solution: Kuraray Co Ltd, Japan. 
+ + +
 Kura-ace model 100: Nippon Avionics Co./Kuraray Co. Ltd. Japan. 
s
 Vitallium: Austenal Dental, Chicago, USA. 
* NP2: Austenal Dental, Chicago, USA. 
:¡
"'
i
' Instron TTCM: Instron Corp., England. 
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2.4.3 Results 
The means and standard deviations of the tensile bond strength test as well as 
the lowest values found are presented in table 2-3. The analysis of variance 
showed no differences between the sample groups within individual bbrackets 
(p < 0.01). The mean tensile bond strengths of SI and SA treated cylinders 
were significantly higher than those of ET treated samples. The bond 
strengths of SI and SA treated Co-Cr samples were also significantly higher 
than EL treated Co-Cr samples. Highest bond strength values were found for 
SI and SA treated Co-Cr samples wereas lowest bond strength values were 
found for ET treated Ni-Cr samples. 
Tabel 2-3 Analysis of the bond strenghts, treatment and alloys 
I 
SI 
SA 
EL 
ET 
31.4 
21.8 
16.1 
6.7 
41.7± 6.1 
35.7 ± 8.7 
26.2 ± 7.9 
9.4 ± 2.3 
39.2 
36.7 
17.9 
19.0 
45.2 ± 7.0 
40.2 ± 4.8 
24.0 ± 4.4 
22.9 ± 2.4 
treat- lowest Ni-Cr Anova::' lowest Co-cr Anova" 
ment value mean ± s.d. value mean ± s.d. 
II 
SI 21.5 
SA 32.4 
EL 16.5 
ET 5.5 
36.3 ± 7.9 
44.9 ± 15.3 
24.2 ± 7.5 
7.7 ± 2.7 
11 
] 
25.4 
34.3 
16.7 
5.9 
40.2 ± 12.0 
52.3 ± 10.3 
24.5 ± 6.7 
15.9 ± 7.0 
I = one hour storage SI = silicoating EL = Sn electroplating 
II = one week storage SA = sandblasting ET = etching 
* Groups within an individual bracket showed no significant differences at 
ρ = 0.01. Bundled groups (identified by brackets) are signficantly different 
at ρ = 0.01. 
In the analysis of the effect of the storage, no significant differences were 
found between one hour stored samples (I) and one week storage of the sam­
ples in 370C water (И) except for the sandblasted Co-Cr samples. Compared 
to a one hour storage the mean bond strength of the SA treated Co-Cr samples 
increased up to 52.3 MPa when the samples were stored for one week. The 
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analysis showed a significant overall effect of the metal alloy on the bond 
strength. However, no significant differences were found between equally 
treated samples except between one hour stored Ni-Cr and Co-Cr ET 
samples. 
2.4.4 Discussion 
As reported in other studies the results of this study show that the bond 
strength of resin bonded to alloys depends on the surface treatment of the 
metal alloy8'9'25,26,29. The sandblasted and silicoated sample groups (SA and SI) 
showed significantly higher retention values than Sn-electroplated (EL) and 
etched (ET) sample groups. It is interesting to note that the two systems clai-
ming that they can create a true adhesive bond (the SI and EL systems) do not 
show higher retention values than the SA systems. In fact the latter is a simple 
micro-mechanical retention system. An explanation of the lower bond 
strength values of Panavia Ex to Sn-electroplated metal (EL) compared to sim-
ply sandblasted metal (SA) might be found in a decreased mechanical reten-
tion as a result of the Sn-layer between metal and resin, which is reducing the 
microporosities and turning the surface to a lower degree of roughness. 
From this it might be concluded that the role of mechanical bonding is a major 
one in the retention of a resin cement to a metal alloy. However, this hypothe-
sis has to be substantiated in an experiment in which the influence of surface 
roughning of the metal alloy on the respective bonding system is tested. 
Since different resin cements were used, the values of the bonding systems tes-
ted in this study are not directly comparable to the reported bond strength 
values presented in table 2-2. 
However, means and standard deviations indicate that the bond strengths of 
the tested systems are in the range of the values reported by other investiga-
tors. 
The standard deviations found are substantial. This variation might have been 
reduced by a further standardization of the bonding method, for instance by 
applying a constant load during polymerization or by using exact measured 
quantities of luting resin cements. However, in the clinical situation this stan-
dardization is not feasible, therefore a comparable variation is to be expected. 
As a consequence for clinical considerations a safety factor should be taken 
into account so as to guarantee that even the lowest bond values are suffi-
ciently strong. 
In comparing means and lowest values to reported enamel bonding values and 
to cohesive bonds (see section 2.3), all systems did show a sufficient alloy bon-
ding except the ET treated Ni-Cr samples. The combination of Clearfil F (a 
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restorative composite resin) and etched Ni-Cr alloy displayed bond strength 
values lower than enamel bond strength and therefore might be considered to 
be unacceptable However, clinical results (", chapter 3, this thesis) indicate 
the system to be clinically acceptable over a period of one to three years. Since 
the samples in this study were not exposed to thermal (thermocycling) and 
(prolonged) mechanical loads, the values found may be considered as an indi­
cation for 'maximum' bond strength achievable. It is expected that all bonds 
will show deterioration as a result of thermal and mechanical load. However, 
it is unknown how many thermocycles and mechanical loads are necessary to 
simulate the clinical situation, while data concerning this aspect arc confhe-
2.4.5 Conclusions 
With respect to the purpose of the study it may be concluded that the Panavia-
sandblasting system may be considered as an 'optimum' bonding system (as 
described in section 2.4 1), resulting in high initial bond strength in vitro. 
Long-term clinical evaluation is necessary to test this hypothesis in vivo. 
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2.5 The design of the adhesive bridges 
Several authors postulated that the eventual success of an adhesive bridge 
depends initially on a correct design of the bridge1"5. To be successful in the 
long run an adhesive bridge has to resist all kinds of mechanical forces. The 
most common forces in the oral environment are biting forces. The maximal 
bite force recordings have averaged 60 to 70 kg6"8 in the region of the molars, 
while the biting force at the incisors is in the order of 20-25 kg9. The mechani-
cal properties of the bonding system of adhesive bridges are sufficient to with-
stand these forces in case directly applied. However, biting forces at the incisai 
edge of the pontic of the adhesive bridge may result in much higher stresses at 
the bonding area of the bridge and may result in adhesive or cohesive fracture 
and consequently result in dislodgement of the bridge. The ultimate quantity 
and quality (i.e. tensile force, compressive force or shear force) of the biting 
force at the bonding site of the bridge depends directly on the design of the 
bridge. The weakest link in the bonding system, of adhesive bridges is the 
resistance against tensile and shear forces whereas the resistance against com-
pressive forces is significantly higher. Therefore the design of the adhesive 
bridge is mainly focussed on transferring potential tensile and shear forces 
into compressive forces at the site of the bonding. 
The design of an adhesive bridge involves the framework design and (even-
tually) preparation of the abutment teeth. 
The following design factors are considered to be important in adhesive brid-
ges'5 : 
- a direct path of insertion in occluso-gingival direction 
- a buccal extension beyond the disto-buccal and mesio-buccal line angles of 
the respective abutment teeth 
- a proximal 'wrap-around' to engage the tooth structure at more then 180° 
of its circumference 
- a maximal bonding area 
- a knife edge gingival margin of the retention wings. 
The preparation of grooves is also recommended to increase the retention10"12. 
Unfortunately it is not always possible to meet these factors without extensive 
preparation of the abutment teeth or without compromising esthetical requi-
rements. 
Some of the factors referred to may contribute to the retention of the adhesive 
bridge from a theoretical point of view. However, there is no controlled clini-
cal evidence that all requirements are essential in the success of an adhesive 
bridge. The influence of the respective factors on the success of adhesive brid-
ges remains to be tested in clinical trials. Till then, in the author's opinion, one 
should refrain from irreversible extensive types of tooth preparation. 
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3 Adhesive bridges in vivo : 
a controlled clinical study 
3.1 The design of the clinical study 
3.1.1 Introduction 
During the last two decades clinical research is playing a more important role 
in dental research. The reliability of the results of a clinical study are strongly 
dependent on the design of the research method. A survey concerning classifi-
cation and performance of clinical research designs in restorative dentistry has 
been recently presented by Hendriks1. According to this survey the present 
study may be classified as both a controlled clinical trial in some of its aspects 
and an observational study in some other aspects. This double qualification 
requires further attention. 
In chapter 1 the objectives of the study are presented. These objectives are 
based both on studying treatment effects on patients as well as patient effects 
on treatment. Part of the study which implies the treatment effects is organi-
zed as a randomized controlled clinical trial. This method has become widely 
regarded as the principal method for obtaining a reliable evaluation of treat-
ment effects on patients (Pocock2). A well designed clinical trial (in which the 
occurrence of bias and/or confounding is limited as much as possible) permits 
the proof of causal relationships. Sections 3.3 and 3.4 are dealing with this part 
of the study. 
The part of the study implying the patient effects on the treatment is to be clas-
sified as an observational study. The patient effects are not manipulated by the 
investigator, so evidence for causal relationships is not valid. Statistical inter-
pretation is difficult due to the explorative character of the study. This part of 
the study is presented in sections 3.5 and 3.6. 
3.1.2 The design of the study 
The study has been designed in such a way that the following null-hypotheses 
can be tested. 
1 The type of retention of the adhesive bridge has no influence on the survi-
val rate of the adhesive bridge. 
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2 The material used for cementation of the bridge has no influence on the 
survival rate of the adhesive bridge. 
3 The operator involved in fabricating the adhesive bridge has no influence 
on the survival rate of the adhesive bridge. 
4 The patient has no influence on the survival rate of the adhesive bridge. 
In order to conduct the trial properly a written protocol, including a number 
of agreements, was made before the study was started. Prescriptions or agree-
ments were made concerning the following aspects: 
- the patient selection 
- the operators 
- the experimental variables 
- the randomization of patients 
- the evaluation criteria 
- the data recording 
- the interim analyses 
- the fabrication procedures 
- the stopping of participation and lost-to-follow-up. 
The protocol was screened on its ethical acceptability by the Committee 
Experimental Research on Man and confirmed by CEOOM nr. 830372. 
3.1.2.1 The patient selection 
The patient selection was focussed on patients with one or two open spaces 
suitable for treatment with an adhesive bridge. Patients were recruited after an 
appeal was adressed to general practitioners in the region of Nijmegen and to 
staff-members of the Dental School to attent patients to the possibility of par-
ticipation in the study. With the use of an information guide (appendix 1) a 
first selection of patients was made by the general practitioners as well as by 
the staff-members. 
Unfortunately the principles of selection by the general practitioners and the 
staff-members are unknown. There is a chance that only 'evident indications' 
were send in for participation. Compliant to the ignorance of this 'first indica-
tion', information about the patients selected is presented in section 3.2. The 
result of this first selection was that 236 patients were registered and screened 
for participation. From this group 191 patients were selected for the study. 
The selection was based on a patient selection criteria list (appendix 1) and car-
ried out by the investigator. In table 3-1 the reasons for excluding the patients 
from the study are presented. Before entering the trial all selected patients 
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were informed about the study by an informed consent and all patients agreed 
to it. 
Table 3-1 Number of patients excluded from the study after screening and 
the reason of exclusion. 
reason number 
large restorations in abutment teeth 21 
closed bite occlusion 9 
length of the open space (> 2 teeth) 8 
patient wants to withdraw 4 
primary tooth present 1 
positive anamnestic allergy for non precious alloys 2 
total 45 
Among the 191 selected patients 55 (29%) were visiting the Dental School 
regularly for dental treatments. The other 136 patients (71%) came from gene-
ral practitioners. The selected patients were treated with one (169 patients) or 
two adhesive bridges (22 patients). The bridges were made in the maxilla (166) 
as well as in the mandible (47) and anterior bridges (175) as well as posterior 
bridges (38) were made. 
3.1.2.2 The operators 
Five dentists participated in inserting the adhesive bridges. At the beginning of 
the clinical study three operators were involved. The other two operators joi-
ned in half-way the clinical study. At time the operators started to participate 
in the clinical study they could be characterized as follows: 
Operator 1 : dentist (two years), part-time general practitioner, part-time 
staff-member at the dental school, much experience with adhe-
sive bridges. 
Operator 2: dentist (ten years), part-time general practitioner, part-time 
staff-member at the dental school, no experience with adhesive 
bridges 
Operator 3 : dentist (five years), full-time staff-member at the dental school, 
much experience with adhesive bridges. 
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Operator 4: dentist (seven years), part-time practitioner, part-time staff-
member at the dental school, some experience with adhesive 
bridges. 
OperatorS: dentist (fifteen years), part-time general practitioner, part-time 
staff-member at the dental school, much experience with adhe­
sive bridges. 
3.1.2.3 The experimental variables 
The variables manipulated by the investigator, i.e. the experimental variables 
were: 
1 The retention type of the adhesive bridge (for detailed information see sec­
tion 3.3). 
variables Tp macromechanical retained adhesive bridge (i.e. Rochctte 
bridge) = type A 
T2: macromechanical retained adhesive bridge (i.e. modified 
Rochette bridge) = type В 
Тз: micromechanical retained adhesive bridge (i.e. Maryland 
bridge) = type C. 
2 The material used for cementation of the adhesive bridge (detailed infor­
mation see section 3.4). 
variables Q : Clearfil F® (Cavex/Kuraray) 
C 2 : Silar®(3M) 
Cj: Conclude® (3M) 
C4: Panavia Ex® (Cavex/Kuraray). 
3 The operator inserting the adhesive bridge (detailed information see sec­
tion 3.1.2.2). 
variables Oi - O5. 
The influence of the experimental variables was tested in two different experi­
ments. In the first experiment the type of the adhesive bridge was altered. In 
the second experiment there was an alteration of the cementation material. 
The influence of the operator was tested in both experiments. The variable Q 
was tested in combination with variables Ti and Тз, while variable C2 was only 
tested in combination with T) and the variables C3 and C4 were tested in com­
bination with T3. Table 3-2 shows the distribution of the experimental varia­
bles over the two experiments. In this way the study is to be interpreted as 
being composed of 2 experiments and 3 trials. 
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Before experiment II was started the variables Сг, Сз and C4 were tested in a 
pilot-study. Ten bridges were involved in this pilot-study. These bridges are 
excluded for hypotheses testing but included in most of the describtive analy­
ses. 
Table 3-2 Combinations of experimental variables applied in the two experi­
ments. 
experiment I experiment II 
TiC, τ , α , TjCi 
T2C, T.Cj ТзСз 
ТзС, ТзС4 
Ο,-Оз C O s 
Τ, = the retention type of the bridge 
C, = cementation material 
O, = operator 
3.1.2.4 Treatment and operator assignments 
Treatment and operator assignments were performed right after a patient 
entered the study, using lists of random numbers. One independent person 
was responsible for the randomization of treatments and operators. A compli­
cating factor in this procedure was that it was not possible for all operators to 
be available for the study on a full-time basis. In case it was not possible to 
arrange a treatment date with the assigned operator the patient was treated by 
another operator. The result was that operator 1 inserted more bridges than 
the other operators since this operator was available most of the time. 
The distribution of the patients over the operators was independent of the oral 
situation and the treatment and can be considered to be a random distribution. 
However, following this procedure the result was that group sizes were not 
equal. 
The operator assignment to the patients was performed first, then the treat­
ment assignment. For each operator there was a random list of treatments. 
Since patients entered this study for one or two adhesive bridges treatments 
were assigned to open spaces and not to patients. 
In case a patient was suitable to test two adhesive bridges there were two treat-
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ment assignments. The first treatment was assigned to the first open space 
(counting from the second right upper molar (17) to the second left upper 
molar (27) and from the second left lower molar (37) to the second right lower 
molar (47). In cases the second treatment appeared to be equal to the first, a 
new treatment (the next in the random list) was assigned. In experiment II it 
was not allowed to treat patients with two macroretentive bridges (T,). The 
treatment assignment to patients with two suitable open spaces was conducted 
in this way to avoid unnecessary dependencies in the data. Due to this strategy 
the group sizes of the treatments were not equal. 
Since both exceptions of randomanization of treatments and operators were 
included in the protocol they were not considered as protocol deviations. The 
distribution of the treatments actually carried out by the operators is presen­
ted in table 3-3. The allowed exceptions on the randomanization do not 
explain the underrepresentation of the combination T ^ i in experiment II 
completely. Instead of the expected number of approximately 20 the treat­
ment was actually carried out only in 13 cases. Three of the 'missing cases' are 
explained by the fact that another type of bridge was fabricated by the labora­
tory than ordered. Still they were inserted for practical reasons. The other 
Table 3-3 Distribution of adhesive bridges according to treatment and opera­
tor assignments. 
treatment 
T.C, 
ЪС, 
ТзС, 
т.с, 
T . Q 
ТзС, 
Т3Сз 
ТзС4 
opérât 
1 
17 
14 
22 
1 
7 
9 
13 
10 
or 
2 
8 
6 
8 
2 
0 
2 
1 
3 
3 
7 
9 
10 
3 
3 
4 
6 
2 
4 
-
-
5 
3 
3 
3 
4 
5 
-
-
2 
5 
3 
4 
4 
total 
32 
29 
40 
13 
18 
21 
27 
23 
total 93 30 44 18 18 203 
pilot-study 10 
Τι
 =
 tyP6 of retention 
C, = cementation material 
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'missing cases' could not be explained other than by random fluctuations. 
However, it was expected that these protocol deviations were not caused by 
intentional manipulation of some of the operators or dental technicians invol­
ved (for instance a distinct preference for a particular treatment or the assign­
ment of the 'best treatment' in difficult situations) Therefore the distribution 
of the treatments over the patients is tested on differences with respect to a 
number of patient characteristics (co-variables) and presented in section 3 5 
3 12 5 The evaluation observations, criteria, method, time-schedule 
In this study many observations were carried out. These observations concer­
ned the following objects (object code): (1) the patients (object code P), (2) the 
open spaces and the abutment teeth (object code D) and (3) the adhesive brid­
ges (object code B) The purpose of these observations was: 
a to make a description of the patients and the abutment teeth 
b to evaluate the effect of the experimental variables 
с to evaluate the clinical procedures 
d to explain the oral behaviour of the adhesive bridges (co-variables) 
Table 3-4 Overview of observations according to purpose and observational 
objects 
purpose 
description 
evaluation 
explanation 
of effects 
observational obj< 
patient 
oral situation, 
social status 
satisfaction, 
function 
parafunction 
:ct 
abutment teeth/ 
open space 
occlusion, 
restorations 
after-care 
mobility, 
restorations 
adhesive bridge 
one or two 
pontics 
dislodgement, 
after-care, 
pontic fracture 
failure-
characteristics, 
location, 
occlusion 
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An overview of observational objects and observation purpose is given in 
table 3-4. 
The observations made were based on objective physical determinations as 
well as on subjective clinical judgements (assessed observations). A list of the 
'objective' observations with accessory evaluation criteria is given in table 3-5. 
Table 3-5 List of Objective' observations with accessory object code and eva­
luation criteria. 
observation 
patient 
restorations 
location 
pontics 
dislodgement 
pontic fractures 
previous prosthetic devices 
follow-up treatments 
object code 
Ρ 
Ρ 
D 
Ρ 
В 
В 
В 
Ρ 
В 
criterion 
age/sex 
missed and filled teeth 
number of restorations in 
abutment teeth 
position in dental arch 
number 
partial/complete/no 
yes/no (patient's complaint) 
yes/no/kind of 
yes/no/kind of 
In table 3-6 a list of assessed observations is presented. 
The criteria for assessment are presented in section 3.1.3 and in the (respecti­
ve) sections 'material and methods' of the sections 3.3 - 3.5. 
Table 3-6 List of 'subjective ' observations and method. 
observation 
occlusion (occlusal contacts) 
mobility 
oral hygiene 
periodontal status 
parafunction 
anterior relationship 
caries 
patient's judgement 
object 
В 
В 
Ρ 
Ρ 
Ρ 
Ρ 
Β 
Β 
code method 
occlusion test foil 
tactile sens 
view/probe 
pocket probe 
questionnaire 
Angle classification 
view/probe 
questionnaire 
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Patients were recalled for evaluation at three and six months intervals. The 
evaluation time-schedule is presented in figure 3-1. In het first year after inser­
tion there was a 3 months interval between recalls. After the first year there 
was a 6 months interval between evaluation recalls. 
г г г г г г г г . г 
— ι •* 1 1 1 1 1 1 1 * IV 1 1 
e ι 4 β 11 ' 5 20 26 32 40 68 72 months alter insertion 
e-entrance in the study 
ι insertion ot the adhesive bridge 
r recall 
Figure 3-1 Evaluation time-schedule of the clinical study 
3 12 6 The data recording 
Appendix 2 contains the forms that were designed for recording observation 
data. Three forms (AOl, A02 and A03) were designed to collect information 
about the patient and the patient's dentition. One form (BOI) was used to 
record data concerning the abutment teeth while six forms (COI to G01) were 
designed to evaluate the adhesive bridges. Finally, one form (HOI) was desig­
ned for recording subjective data (the patient's own judgement about the 
adhesive bridge) 
The forms AOl, A02 and A03 (the 'patient and patient's dentition' forms). 
Form AOl contains information about age, sex, education and insurance sys­
tem of the patient. It also contains information about the patient's regular 
dentist and some anamnestic information about parafunctional habits and 
risks of trauma to teeth 
Information about the dentition is restricted to (1) a rough indication of oral 
hygiene, periodontal status and occlusal wear, (2) Angle classification of the 
anterior region, (3) previous prosthesis device(s) and (4) presence of remova­
ble partial dentures. 
Form A02 contains the number of decayed, missed and filled teeth. Form A03 
contains data about the gingival health of the patient (the number of teeth that 
were bleeding after probing) 
The data of forms AOl, A02 and A03 were recorded by operator I at the time 
the patients entered tue study and before operator and treatment assignments 
were carried out. Form A03 was also recorded prior to the first interim analy­
sis. 
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Form BOI (the 'abutment teeth' form). 
Form BOI contains information about the number and location of restorations 
in the abutment teeth, the mobility of the abutment teeth and the occlusion of 
the abutment teeth. The number of teeth to be replaced is also recorded on this 
form. Data of form BOI were recorded by operator I at time the patients ente-
red the study and before operator and treatment assignments were performed. 
Form COI (the 'treatment'form). 
The 'treatment' form contains data concerning the experimental variables, the 
date of insertion and information about abutment tooth preparation. Also 
registered on this form is information about the occlusal funtion of the adhe-
sive bridge and the time needed to accomplish the clinical procedures. 
The data of this form were recorded by the operator who actually inserted the 
bridge (1) at time the bridge was inserted the first time or (2) at time the bridge 
was rebonded or replaced after dislodgement. Additional information about 
rebonding or replacement of a bridge was recorded if required. 
Forms D01, D02andEOI (the 'evaluation'forms). 
Form D01 contains information about the adhesive bridge as well as informa-
tion about the abutment teeth, such as: 
(1) occlusal function of bridge and abutment teeth, (2) failure of the adhesive 
bridge, (3) mobility of the abutment teeth, (4) plaque accumulation and (5) 
caries. This form was recorded at evaluation recalls by operator 1. Form D02 
is a copy of form D01 but was recorded by operator 5 as to test the reliability 
of the criteria. 
Form EOI contains data concerning the after-care of adhesive bridge and abut-
ment teeth, such as: (1) occlusal adjustments, (2) new and replaced restora-
tions, (3) tooth cleansing and (4) other adjustments of the abutment teeth or 
the bridge. 
In case of failure of the adhesive bridge additional information (date of failure, 
probable reason of failure, failure characteristics and follow-up treatment) 
was added on this form. 
The data of this form were recorded at evaluation recalls by operator 1 or 5. 
Forms FOI and G01 (the 'failure' forms). 
The form FOI contains information about the mode of failure (dislodgement, 
partial dislodgement, pontic fracture). Also data about the mobility of the 
abutment teeth, occlusal function of the abutment teeth and the bridge and 
caries are recorded on this form. 
Form G01 contains the same kind of information as form EOI but data were 
only recorded in case of failure while form EOI was recorded at all recalls. The 
forms FOI and G01 were recorded by operator 1 or 5. 
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Form HOI (the 'patient's judgement' form). 
The data of form HOI were recorded by the patient. The form consists of a 
questionnaire focussed on the satisfaction of the patient with the adhesive 
bridge. It contains data about colour and shade of the pontic, function of the 
bridge, complaints and satisfaction. Also data about (para)functional habits 
are recorded as well as data about oral hygiene procedures for cleansing the 
adhesive bridge. The form HOI was recorded at all evaluation recalls. 
3.1.2.7 Interim analyses 
A general problem in clinical trials is that it takes a long time span. Since the 
whole purpose of a clinical trial is to advance knowledge about a certain treat­
ment, it is obvious that other clinicians are interested in early findings so that 
they can assess the conclusions for the treatment for future patients. Therefore 
in performing clinical trials it is not unusual to plan some interim analyses. 
Pocock2 stated that 'the assessment of interim treatment differences is of a cru­
cial importance if clinical trials are to be ethically acceptable'. 
However, in undertaking interim analyses one must be aware of some tricky 
problems which might come up with respect to (1) practical organization, (2) 
the interpretation of the findings and (3) the overall reliability of the tests. For 
instance some findings are only dealing with short-term effects not interpreta­
ble for long-term conclusions while other findings, are hypothetical and 
remain to be tested in another research design. In planning interim analyses in 
the trial protocol in advance the mentioned problems are better manageable or 
might be avoided. In this trial the protocol supplies agreements concerning (1) 
number and moments of interim analysis, and (2) nominal significance levels 
for statistical analysis. 
Figure 3-2 shows a time-schedule for the interim and final analyses planned 
for this trial. Also the nominal levels of significance are presented. Interim 
analyses are planned 3 and 5 years after the beginning of the study. The pre­
sent study is the first planned interim analysis. The final analysis is planned at 
7 years follow-up. For the experimental variables the nominal significance 
levels are referred to an overall significance level of a = 0.05 and planned on 
significance level α = 0.02 (Pocock3). 
Also a preliminary report of experiment I was planned. It was carried out to 
collect information about short-term effects of the treatment carried out. 
However, since the level of significance of this evaluation was a = 0.05, the 
results should be interpreted carefully. 
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Figure 3-2 Time-schedule for interim and final analyses. 
First session: 
3.1.2.8 The fabrication procedures 
The clinical procedures were carried out with the help of a dental assistant fol­
lowing the steps of a written protocol. The protocol is based on the literature 
study presented in chapter 2. Three sessions were used for the fabrication of 
an adhesive bridge. The sessions consisted of the following steps (used mate­
rials are numbered in parenthesis and depicted in tabel 3-7). 
cleansing of the abutment teeth (1) 
selection of shade and colour of the pontic (2) 
preparation of the abutment teeth (3) (preparation of the 
abutment teeth was performed in two cases: (a) in case a 
type В adhesive bridge was assigned, and (b) for all types 
of bridges in case one of the abutment teeth was a (premo­
lar. It consisted of: (1) modification of contour of the pro­
ximal surface of the abutment teeth in both cases a and b, 
and (2) the preparation of an occlusal rest (1 mm 0 , 0,5 
mm depth) only in case b). 
taking the impressions (full alginate impression of upper 
and lower jaw) (4,5,6) 
cleansing of the abutment teeth (pumice/water) 
application of rubberdam (7) 
check, of the fit of the adhesive bridge 
cleansing of the abutment teeth with NaOHCl 3% (8) 
cleansing of the adhesive bridge with alcohol 80% (9) 
etching of the abutment teeth (10) (etching: 45 sec; 
spraying and drying with syringe, each 30 sec) 
cementation of the adhesive bridge (following the manu-
factorer's instruction for mixing and application of the 
luting resin. In case an unfilled bonding resin was available 
Second session: 1 
2 
3 
4 
5 
6 
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it was coated to the etched enamel but not to the retention 
wings of the adhesive bridge. During the polymerization 
of the resin a digital load was applied to the bridge to keep 
the bridge in the exact position) (11,12) 
8 removal of the excess of luting resin after setting (13,14) 
9 check of the occlusion (15) 
10 occlusal adjustments (if required) (15,16,17) 
Third session: 1 finishing of the outline of the retention wings (13,14,17) 
2 again) checking of the occlusion (15) 
3 occlusal adjustments (if required) (15,16,17) 
4 oral hygiene instructions (18). 
Present restorations in the abutment teeth were replaced by composite resin 
restorations (Clearfil F®). 
The replacement was carried out either in the first session (in cases the restora­
tions were expected to be critical for the fit of the adhesive bridges) or in the 
second session (in cases the restorations were expected not to be critical for the 
fit of the adhesive bridge). 
Operators were instructed to give no instructions to the patients to avoid 
biting or chewing on hard objects. 
In case of rebonding or replacement of the adhesive bridge the clinical proce­
dure was equal with the exception that present restorations were not replaced. 
Any luting resin cement present at the abutment teeth after dislodgement, was 
removed prior to the rebonding procedure. 
The laboratory procedures were also carried out following a written protocol. 
Two dental laboratories were involved in the fabrication of the adhesive brid­
ges: 
(1 ) the Dental School Laboratory at Nijmegen, and 
(2) Tolmcyer's Dental Laboratory B.V. (Arnhem, The Netherlands). 
Laboratory 1 made the working casts for all bridges and the fabrication of 
type A and type В bridges. Laboratory 2 was involved in the fabrication of 
type С bridges. 
Specifications of the bridge type and materials used are presented in section 
3.2. 
All adhesive bridges were designed by operator I by drawing the outline of the 
bridges on the working cast using a list of design criteria. 
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Table 3-7 List of the materials used in the clinical procedures. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10/11 
12 
13 
14 
15 
16 
17 
18 
material manufacturer 
Profylan, polishing paste 
SR-Vivodent, shade guide 
Horico, diamant burs 
CA-37, Superior pink alginate 
Сое, impression tray 
Dental wax 
Rubberdam hygienic 
NaOHCl 3% 
Alcohol 80% 
Clearfil F 
Silar 
Conclude 
Panavia Ex 
Milar strip 
Scaler 11 А/ПА.МсСаИ 
Composhape finishing set 
Mikrodünn Okklusionspapier 
occlusion test foil 
Carborundum stone 
Shofu polishing set 
Floss-threader 
Scania Dental AB, Knivksa, Sweden 
Ivoclan, Schan, Liechtenstein 
Hopf, Ringlet & Co., Berlin, BRD 
Cavcx Holland B.V., Haarlem, Holland 
Сое Laboratories Inc., Chicago, USA 
Clark Comp. Denply Int., Milford, USA 
DMFC, Akron, Ohio, USA 
Pharmacist 
Pharmacist 
Cavcx/Kuraray, Haarlem, Holland 
3M Dental Products, St. Paul, Minn., USA 
3M Dental Products, St. Paul, Minn., USA 
Cavex/Kuraray, Haarlem, Holland 
3M Dental Products, St. Paul, Minn., USA 
SSW Dental Products, Surrey, England 
Intensiv. S.A., Viganello, Switzerland 
Dr. Jean Bausch K.G., Köln, BRD 
Hoger & Meisinger, Düsseldorf, BRD 
Shofu Dent. Corp., Menlo Park, Cal., USA 
Butler Co., Chicago, 111., USA 
3.1.2.9 The drop out of patients 
As depicted in section 3.1.2.5 there were several observational objects. With 
respect to the objects 'adhesive bridge' and 'patient' some rules were made 
regarding the discontinuation of the study. The agreements concerning the 
end of the follow-up were: 
- adhesive bridge: In case an adhesive bridge dislodges two times, the fol-
low-up of the particular bridge is to be stopped. The 
bridge is to be replaced by another one not of the same 
type as the first (exp. I) or the cementation material is to 
be replaced by another not being the same as the pre-
vious (exp. II). 
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- patient In case the second treatment fails also by dislodgement 
the patient is to be excluded from further participation in 
the study. An exception is made for the patients having 
two bridges. The follow-up of the other, not failed, 
adhesive bridge is to be continued. 
All patients were informed about the sequence of evaluation recalls and were 
instructed by letter about the procedure in case of failure. The patients were 
asked to inform the investigator as soon as possible about anything occurring 
to the adhesive bridge. The patients' dentists were asked to leave the bridges 
intact and to perform no treatment on the adhesive bridges or abutment teeth. 
A patient was recorded 'lost-to-follow-up' in case no recent evaluation data 
were available for the (interim) analysis (last half year before analysis). 
3.1.3 Dataprocessing 
The well known statistical computer packages (SPSS, SAS, BMDP, etc.) are 
not directly applicable in most clinical follow-up studies. Also in this trial 
several data management tasks are not efficiently performed by these standard 
packages, which mainly operate on so-called 'flat-files', including that each 
object has a fixed number of measurements. The data structure in follow-up 
studies, however, is three-dimensional i.e. object by variable by time of mea-
surement. An additional complicating factor is that different groups of objects 
are observed with respect to different characteristics at different time-schedu-
les. 
The groups of objects in this study are the patients (P), the open spaces (D) 
and the bridges (B) (section 3.1.2.5). The characteristics are grouped together 
in forms (A01-H01) as mentioned in section 3.1.2.6. Times of measurement 
include: the baseline observation (t = b), eight regular check-up times (t = 1, 
.., 8) and four possible failure moments (f 1, f2, f3 and f4). The combination of 
times of measurement, groups of objects and forms used in the study is given 
in table 3-8. This combination may be considered to be the design of the stu-
dy. Neglecting the design of the study in data processing will lead to an ineffi-
cient data storage and hinders an adequate data quality control. 
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Table 3-8 Data recording m the design of the trial. 
object group 
patient 
open space 
bridge 
form 
A01 
A02 
A03 
BOI ι 
COI ι 
DOl-2 ι 
EOI ι 
FOI ι 
GOl ι 
HOI ι 
times of 
measurement 
t = b 
t = b 
c = b,6 
c = b 
t = 0,rl,r2 
:=1,2,..,8 
c=l,2,..,8 
. = fl,f2,f3,f4 
. = fl,f2,f3,f4 
= 1,2,..,8 
contents info about 
patient, patient's dentition 
patient's dentition 
patient's dentition 
open spaces, abutment teeth 
treatment 
evaluation 
follow-up treatments 
failure 
failure treatments 
patient's judgement 
= b: baseline 
= 0: bonding of the bridge 
= rl : rebonding after dislodgement 
= r2: rebonding after pontic fracture 
= 1: 0-4 months 
= 2: 5-7 months 
= 3:8-10 months 
= 4: 11-14 months 
5 : 15-20 months 
:
 6 : 21-26 months 
7 :27-32 months 
8 :33-40 months 
f 1 : first dislodgement 
f2: second dislodgement 
f3: first pontic fracture 
f4 : second pontic fracture 
In order to deal with these problems, the Nijmegen Longitudinal Data Pro­
cessing System (NYLDAS)4 was chosen. 
Using NYLDAS data processing is conducted in three stages: 
Step 1: File documentation. 
- the description of the measurements per form, including labels and the 
position in the records and the allowed range; 
- object identification and grouping; 
- description of the times of measurements (fig. 3-1); 
- specification of the design (table 3-8). 
Step 2: Data entry. 
During this stage raw data are entered and checked on range and overcomple-
teness of records. 
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Step 3 Data analysis. 
According to inventory lists made by NYLDAS, a combination of objects, 
variables and times may be selected for further analysis in the format of a flat 
file by SPSS, SAS, eet. 
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3.2 The patient sample 
3.2.1 Introduction 
In order to extrapolate conclusions from a clinical trial to a larger population, 
the patient sample has to be more or less representative for the larger popula-
tion. Of course the patient sample of this study is not representative for, for 
instance, the Dutch population or for any general dental practice, since the 
selection criteria were based on other principles. However, findings of a study 
arc interpretable for other patients in case detailed information about the sam-
ple is available. The content of the following description is more of an inven-
torying nature than of a methodological one. Furthermore, a description of 
the selected sample gives some information about the unknown first selection 
as performed by the remitting dentists. 
The information about the patient sample in this study is given at three levels: 
(1) general information about the patients (object code P) 
(2) general information about the patient's dentitions (object code P) 
(3) local information about the open spaces (treated with an adhesive bridge) 
and abutment teeth (object code D). 
Data were collected prior to the insertion of the adhesive bridge. 
3.2.2 The patients 
The age and sex distribution of the patients is given in figure 3-3. The youn-
gest patient was 13 years and the oldest one 78 years. The mean age of the 
patients was 30.0 years (S.D. = 11.0). Fourty-five percent of the patients were 
between 20 and 30 years of age. One hundred and four patients were female 
(55%) and 87 were male (45%). 
Information with respect to socio-economic features of the sample is depicted 
in tables 3-9 and 3-10. Table 3-9 gives an overview of the patients with respect 
to their level of education. Seventy percent of the patients appeared to have 
had a secondary or university education, while 30% of the patients had a 
primary instruction or elementary vocational training. 
Since the education level of the patients was assessed to get insight in their 
social status, the education level of the patients between 10 and 15 years of age 
(n = 10) was determined by asking the father's education. 
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Figure 3-3 Age and sex distribution of the patients in the study. 
Table 3-9 Distribution of the patients according to level of education. 
'evel of education 
primary instruction 
elementary vocational training 
secondary education 
university 
missing (no information) 
total 
number 
14 
43 
79 
52 
3 
191 
%* 
7 
23 
42 
28 
100 
* corrected for missing 
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Table 3-10 presents an overview of the ways of health insurance of the 
patients. In The Netherlands health insurance is regulated by law and it 
depends on the income of the patient or the patients' family. Patients with an 
income up to approximately Dfl. 45.000,- (1983) are obligatory insured by the 
national sick-fund health insurance. Sixty percent of the patients were insured 
by the national sick-fund health insurance while 40% of the patients had a pri­
vate insurance. 
Table 3-10 Distribution of the patients according to health insurance. 
health insurance 
private 
national sick-fund 
total 
number 
76 
115 
191 
% 
40 
60 
100 
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Figure 3-4 Percentual distribution of the number of missing teeth according 
to location in the dental arch. 
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3.2.3 The patients' dentitions 
To make a rough description about the patients' dentitions only general data 
were recorded such as: (1) the number of missing and filled teeth, (2) data 
about the oral hygiene, (3) data concerning the periodontal condition and (4) 
Angle classification of the anterior region. 
In figure 3-4 the percentuel distribution of missing teeth by location in the 
dental arch is presented. The mean number of missing teeth per patient was 3.3 
(S.D. = 2.7). The distribution of missing teeth was found to be highly skewed, 
therefore the median is of more interest than the mean number of missing 
teeth. The median number of missing teeth was found to be 2.5. 
Figure 3-5 presents the percentual distribution of restored teeth by location in 
the dental arch. The mean number of restored teeth per patient was 11.1 (S.D. 
= 5.0). 
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Figure 3-5 Percentual distribution of the number of restored teeth according 
to location in the dental arch. 
The indexes used for oral hygiene and periodontal status are analogue to 
indexes used in a computer assisted longitudinal evaluation of restorations at 
the Department of Occlusal Reconstruction, Dental School, University of 
Nijmegen (PROO-system). 
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The level of oral hygiene was assessed using a three-point-scale: 
1 no plaque accumulation on buccal and lingual surfaces of the teeth; 
2 plaque accumulation on some buccal and lingual surfaces of the teeth ; 
3 plaque accumulation and/or debris on most of the buccal and lingual sur-
faces of the teeth. 
The distribution of the patients by the three-point oral hygiene scale is presen-
ted in table 3-11. 
Table 3-11 Distribution of the patients according to oral hygiene scale at 
baseline. 
oral hygiene number of patients % 
1 good/satisfactory 78 41 
2 moderate 94 49 
3 insufficient/bad 19 10 
total 191 100 
To get an impression of the general periodontal condition of the patients the 
following index was used: 
1 absence of periodontal pockets deeper than 3 mm ('sound') 
2 presence of some local periodontal pockets ('moderate') 
3 periodontal pockets in all segments of the dental arch 
('poor') 
4 deep periodontal pockets, generalized periodontitis ('bad'). 
Table 3-12 Distribution of the patients according to periodontal condition at 
baseline. 
periodontal condition number of patients % 
1 sound 99 52 
2 moderate 76 40 
3 poor 14 7 
4 bad 2 1 
total 191 100 
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The distribution of the patients according to the used periodontal index is pre-
sented in table 3-12. 
The distribution of the patients according to the Angle classification of the 
anterior region is presented in table 3-13. An overview of the Angle classifica-
tion with respect to the location of the open spaces is displayed in table 3-14. 
Since the Angle classification is based on the spatial relationship in the anterior 
region of the dentition as well as on the relationship in the posterior region 
(molars) the classification was modified and assessed as follows: 
1 Angle class I relation in the anterior region/normal anterior occlusion. 
2 Angle class I or Angle class II subdivision 1 ; no occlusion in centric posi-
tion in the anterior region; overjet smaller than 3 mm. 
3 Angle class II subdivision 1 relation in the anterior region; overjet 3 mm or 
more. 
4 Angle class II subdivision 2 relation in the anterior region; deep bite; 
occlusion at the cervical third of the maxillary incisors in centric position, 
overbite 5 mm or more. 
Table 3-13 Distribution of the patients according to the modified Angle chs-
sification. 
modified Angle number of patients % 
classification (whole sample) 
1 97 51 
2 31 16 
3 25 13 
4 38 20 
total 191 100 
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Table 3-14 Overview of the Angle classification with respect to the location 
of the open spaces. 
modified Angle 
classification 
1 
2 
3 
4 
total 
anterior open space 
87 (50%) 
27 (15%) 
24 (14%) 
37 (21%) 
175 
posterior open space 
22 (58%) 
6 (16%) 
4 (10%) 
6 (16%) 
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3.2.4 The open spaces and abutment teeth 
The data recorded about the open spaces and the abutment teeth were: 
- the width of the open spaces 
- the time of existence of the open spaces 
- the cause of the open spaces 
- previous prosthetic treatment to the open spaces 
- number of sound and restored abutment teeth. 
Following the selection criteria for the patients (appendix 1) only open spaces 
with one or two teeth missing were treated with an adhesive bridge. In 81 per-
cent of the cases the width of the open spaces was one tooth and in 19 percent 
two teeth were missing. In the cases where migration of the abutment teeth 
had occurred (or was expected) the width of the open space was assessed by 
counting the pontics needed to fill the open space. 
An overview of the time of existence of the open spaces at time the data were 
recorded is presented in table 3-15. Information was gathered by asking the 
patients. 
Ten percent of the open spaces were caused by recently extracted teeth. Most 
of the open spaces were existing more than one year. In 23 percent of the cases 
the time of existence of the open spaces could not be determined (aplasia, spa-
cing). 
Table 3-16 presents an overview of the number of open spaces according to 
the cause. Most of the open spaces appeared to be caused by tooth loss due to 
trauma (26%) or extraction (41%). In 12 percent of the cases the open space 
was a result of the extraction of a persisting primary tooth while the pcrma-
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nent tooth was not erupted. In 16 percent of the cases the open space was cau-
sed by aplasia while five percent was a result of spacing without missing teeth 
(lower front and premolar region). 
Table 3-15 Overview of the time of existence of the open spaces treated with 
an adhesive bridge. 
time of existence 
< 3 months 
< 1 year 
1-5 years 
5-10 years 
> 10 years 
not to determine"'"" 
unknown 
total 
number of open 
20 
12 
39 
29 
58 
46 
9 
213 
spaces %* 
10 
6 
19 
14 
28 
23 
100 
>:
 corrected for missing 
*
::
" aplasia, spacing 
Table 3-16 Overview of the number of open spaces according to cause of the 
open spaces. 
cause number of open spaces %* 
26 
41 
12 
16 
5 
total 213 100 
trauma 
extraction 
persisting primary tooth 
aplasia 
spacing 
unknown 
54 
86 
24 
33 
11 
5 
* corrected for missing 
An overview of the previous prosthetic treatments done to the open spaces 
before they were treated with an adhesive bridge is depicted in table 3-17. 
Fourty-two percent of the patients did not have any prosthetic device for 
treatment of the open space. Patients with recently extracted teeth (n = 20) are 
included in this group. 
Table 3-17 Distribution of the patients according to the previous prosthetic 
treatments of the open space. 
previous prosthetic treatment 
spoon denture (acrylic RPD) 
acrylic RPD 
metal frame RPD 
adhesive bridge 
none 
missing 
number 
22 
58 
10 
33 
89 
1 
%* 
10 
27 
5 
16 
42 
total 213 100 
* corrected for missing 
The distribution of sound and restored abutment teeth and combinations of 
both per open spaces is presented in table 3-18. 
Table 3-18 Distribution of sound and restored abutment teeth and combina-
tions of both per open space. 
restorations abutment tooth 1 abutment tooth 2 combination 
number (%) number (%) number (%) 
sound 134 ( 63) 124 ( 58) 100 ( 47) 
restored 79 ( 37) 89 ( 42) 55 ( 26) 
sound/restored - - 58 ( 27) 
total 213 (100) 213 (100) 213 (100) 
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Of all abutment teeth 61 percent appeared to be sound while 39 percent of the 
abutment teeth were restored. In 47 percent both abutment teeth adjacent to 
the open space were sound and in 26 percent both were restored. A combina-
tion of a sound and a restored abutment tooth was found in 27 percent of the 
cases. 
3.2.5 Summary 
The population described may be classified as a relatively young population 
with a mean age of 30 years. As in most clinical studies the female patients are 
sligthly overrepresented (55% female). From a socio-economical point of 
view it appears that all classes are represented in the study. However, the dis-
tribution is not representative for the Dutch population. 
The rough description of the patients' dentition at the baseline shows substan-
tial variation with respect to the oral hygiene, missed and filled teeth, perio-
dontal condition and occlusion in the anterior region. Most of the patients' 
dentitions were well treated. However, eight percent of the patients had 
serious periodontal problems. 
The information about the open spaces shows also substantial variation. 
'Young' as well as 'old' open spaces and 'treated' as well as 'untreated' open 
spaces are represented in the study. The major part of the abutment teeth (60 
percent) appeared to be sound. 
65 
3.3 Three types of adhesive bridges compared clinically: a 3-year 
controlled study 
3.3.1 Introduction 
Several improvements of the cast-metal framework have been suggested since 
the introduction of type II adhesive bridges (chapter 1 and 2, this thesis). 
Investigators have advocated modifications of the abutment teeth for increa-
sed retention and improved the retainer design1"4. 
Essentially there are two types of retainer designs for type II adhesive bridges 
based on method of retention: (1) macromechanical retention with a perfora-
ted retainer also referred to as the Rochette bridge and (2) micromechanical 
retention such as in the etched cast metal retainer also known as the Maryland 
bridge. As previously stressed in section 2.4 in vitro studies suggested that the 
etched metal retainers have a better clinical prognosis than the perforated 
retainers. Clinical studies also showed the influence of the type of retainer. 
The success rates previously reported and displayed in table 3-19 suggested 
the micromechanical retainers to be more retentive. The success rates reported 
are varying from 35 percent8 to 90 percent5 for macromechanical retainers 
while the success rates of micromechanical retained adhesive bridges show a 
variation from 71 percent7 up to 100 percent4. Another type of study (a retro-
spective cross-sectional research at adhesive bridges fabricated by general 
practitioners) is reported by Kcrschbaum et al.13. In their study the overall 
cumulative success rate of both retainer types decreased to 36 percent after 
seven years. 
However, success rates are difficult to compare because the criteria concer-
ning patient selection, intraoral location, length of the span and clinical proce-
dures are not specified or differ substantially. Also the follow-up periods 
show great variation. Moreover, the success rates reported may be reliable for 
the respective selected sample groups while not being representative for other 
populations. 
With the exception of the preliminary report of this study" the retainer design 
of adhesive bridges has not been studied clinically under controlled experi-
mental conditions. Some studies indicated an influence of the operator on the 
success of adhesive bridges. However, the clinical procedures in these studies 
were not controlled. 
This section deals with experiment I as described in section 3.1.2.3. The study 
investigates the influence of the retainer designs (i.e. the type of adhesive brid-
ge) and operator on the success rate under controlled conditions. The experi-
mental variables 'type of bridge' and 'operator' were altered while other fac-
tors were kept as constant as possible. The evaluation of co-variables is pre-
sented in section 3.5. 
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Table 3-19 Clinical studies concerning type II adhesive bridge. 
type of retention 
macromechanical 
micromechanical 
reference 
5 
6 
7 
8 
9 
10 
11 
4» 
7" 
11* 
12** 
year 
1977 
1982 
1983 
1984 
1985 
1985 
1986 
1982 
1983 
1986 
1986 
N 
20 
46 
95 
39 
22 
63 
61 
65 
79 
40 
85 
research 
period 
(years) 
3 
3,8 
0,5 
2,7 
5,7 
7 
1,1 
1 
0,5 
1,1 
1 
success 
rate 
(%) 
90 
80 
76 
35 
59 
85 
84 
100 
71 
100 
99 
:
· 'etched' 
** O.V.S. system 
number 
3 0 -
2 Ο­
Ι 0 -
L_l.d'(n 49) 
I I-Ç (n-44) 
11-15 16-20 21-25 26 30 31 35 36 40 41 45 46-50 51 -55 56-60 > 61 
age classes 
Figure 3-6 Age and sex distribution of the patients. 
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3.3.2 Material and methods 
A total of 101 adhesive bridges was inserted in 93 patients during a nine 
months period. Eighty-five patients received one adhesive bridge and eight 
patients were treated with two retainers. The patients involved in this study 
were the first 93 patients selected for the clinical trial. Selection criteria for the 
patients are presented in section 3.1.2.1 and appendix 1. The sex and age distri­
bution of the patients involved is presented in figure 3-6 (p. 67). 
The experimental variables tested were: (1) 'type of bridge', and (2) 'operator'. 
Assignments of 'type of bridge' and 'operator' were conducted as described in 
section 3.1.2.4. The distribution of the bridges by operator and bridge type is 
presented in table 3-20. 
Table 3-20 Distribution of bridges according to operator and bridge type. 
operator type A type В tyP6 С total 
operatori 17 14 22 53 
operator 2 8 6 8 22 
operator 3 7 9 10 26 
total 32 29 40 101 
The bridge types involved were: 
Type A: Perforated metal framework with five holes of 1 mm diameter, 
covering the lingual surfaces of the abutment teeth (figure 3-7). 
Figure 3-7 Type A adhesive bridge. 
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Туре В : Perforated metal framework with five holes of 1 mm diameter, 
covering the lingual surfaces and part of the proximal surfaces adja­
cent to the edentulous area, shelved outline (figure 3-8). 
Figure 3-8 Type В adhesive bridge. 
Type C: Etched metal framework with one non-retentive venting hole cover­
ing the lingual surface of the abutment teeth (figure 3-9). 
Figure 3-9 Type С adhesive bridge. 
The bridges were made of a combination of non-precious metal and acrylic 
resin. Type A and В were a chromium-cobalt (Cr-Co) alloy (Vitallium, Aus­
tenal Dental, Chicago, USA), type С was a nickel-chromium (Ni-Cr) alloy 
(NP2, Austenal Dental) etched electrolytically in 0.1 N HNO3 with 20 cc/liter 
acetic acid during 5 minutes af 400 mA/cm2 after sandblasting with 50 μιτι 
AI2O3 and 5 minutes ultrasonic pretreatment in 5% Ammonium. 
A prefabricated acrylic resin tooth, polymerized to the metal framework, was 
used as pontic and the bridges replaced one (85 cases) or two teeth (16 cases). 
Two abutment teeth were used for each adhesive bridge. No cantilever bridges 
were made. 
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Three operators inserted the adhesive bridges following the standardized pro­
cedures as described in section 3.1.2.8. Detailed information about the opera­
tors is presented in section 3.1.2.2 (operators 1-3). Mechanical preparation of 
the abutment teeth was minimal and only performed on selected teeth (section 
3.1.2.8). All bridges were inserted with a conventional composite resin (Clear-
fil F, Cavex/Kuraray, The Netherlands). 
The patients were recalled in the sequence of the evaluation plan as presented 
in section 3.1.2.5. The evaluation period was 3 years, of which a 100% patient 
retrieval was reached. The minimal follow-up period was 2.1 years. 
The experimental variables were evaluated for the criteria: 
1 retention 
2 pontic fracture 
The nominal level of significance for statistical analyses was fixed at α = 0.02 
(see section 3.1.2.7). 
3.3.3 Results 
During the evaluation period 24 failures were detected. The failures consisted 
of 14 dislodgements and 10 pontic fractures. In eight adhesive bridges the fai­
lure was partial dislodgement of one abutment tooth, while in six cases the dis-
lodgement was complete. The dislodged retainers were rebonded and nine out 
of 14 rebonded adhesive bridges dislodged again ('second dislodgement'). The 
dislodged rebonded retainers were substituted by another type of retainer. 
The fractured bridges were repaired. The distribution of insened, dislodged 
adhesive bridges as well as the distribution of the 'second dislodgements' is 
presented in table 3-21. 
Table 3-21 Distribution of inserted and dislodged adhesive bridges and dis­
tribution of the second dislodgements according to type of adhesive bridge (2.1 
years follow-up). 
type inserted dislodged 'second retention rate (%) 
dislodgements' 
78 
86 
92 
86 
70 
type A 32 7 7 
type В 29 4 2 
type С 40 3 0 
total 101 14 9 
No significant differences were found concerning the influence of the retainer 
type on dislodgement (Chi-square, ρ = 0.21). The distribution of inserted and 
dislodged bridges per operator is listed in table 3-22. 
Table 3-22 Distribution of inserted and dislodged adhesive bridges according 
to operator (2.1 years follow-up). 
operator 
operator 1 
operator 2 
operator 3 
total 
inserted 
53 
22 
26 
101 
disk 
6 
4 
4 
14 
)dged retention rate (%) 
89 
82 
85 
86 
The differences in dislodged bridges per operator were found not to be signifi­
cant (Chi-square, ρ = 0.57). 
The mean age of the adhesive bridges in function at the end of the evaluation 
period was 2.5 years, ranging from 2.1 to 2.9 years. The mean age of the retai-
survival % 
1 0 0 
years 
Figure 3-10 Overall retention rate of the adhesive bridges during the evalua­
tion period (Kaplan-Meier). 
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ners when retention was lost was 1.2 years. However, the distribution was 
highly skewed and ranging from 0.1 years to 2.3 years. 
Figure 3-10 presents the overall retention rate of the adhesive bridges during 
the evaluation period (Kaplan-Meier). The overall survival at 3 years follow-
up was 86 percent. 
3.3.4 Discussion 
The retention rates of the adhesive bridges in this study were comparable to 
other studies4"6,10"12. The small number of dislodgements did not permit a valid 
statistical discrimination between the three types of adhesive bridges and 
between the operators, although different retention values were recorded. The 
significant higher retention rate (Fisher test ρ < 0.0511) of the macromechani­
cal retainer design (type A and B) compared to the micromechanical retainer 
design (type C) noted at 1.5 year follow-up, was not found in this 3 year eva­
luation (p > 0.05). It seems that there was a tendency towards an 'early dislod-
gement risk' for macromechanical designs and a 'delayed dislodgement risk' 
for micromechanical retainers. The fact that 10 out of 11 dislodgements of 
macromechanical retainers occurred within a period of 1.2 years after inser­
tion and that all dislodgements of micromechanical retainers occured after 2.1 
years in situ, support this hypothesis. However, both the results of the preli­
minary report and the results of the present study do not meet the require­
ments for statistical analysis (nominal level of significance at α = 0.02). 
AU type A bridges dislodged again after rebonding. However, statistical evi­
dence was not present. 
The difference in retention values noted for the macromechanical adhesive 
bridges compared to the micromechanical design was not significant at 
α = 0.02 (p = 0.16). 
The high number of pontic fractures indicated that specific attention is requi­
red for the retention of the acrylic pontic to the metal framework. The fact 
that no operator effect was found with respect to retention is considered to be 
a result of both the use of a written protocol (including clinical procedure 
instructions) and the fact that a certain amount of experience was built up. 
3.3.5 Conclusions 
From the results of this study it may be concluded that, with the use of a con­
ventional type composite resin (Clearfil F) as luting cement for adhesive brid­
ges, there are no significant differences in retention values of macromechanical 
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retainer designs (type A and B) compared to micromechanical retainer bridges 
(type C) at a 3 year evaluation. There was no operator effect on the retention 
rate of the adhesive bridges. 
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3.4 Adhesive bridges using different luting agents: a preliminary report 
3.4.1 Introduction 
In vitro studies showed significant differences on the properties of the bond at 
the resin-metal interface of adhesive bridges (section 2.4, this thesis). The 
bond strength of a luting resin cement to the metal frame depends on the type 
of alloy (1) and the surface treatment of the metal (2) as well as on the luting 
resin used for cementation (3). 
Despite of the differences in bond strength values between bonding systems in 
vitro, the study presented in section 3.3 showed no differences in vivo 
between perforated and etched retainers after 3 years follow-up. Interesting is 
the fact that the bonding system which showed the lowest bond strength in 
vitro (Clearfil F/etched Ni-Cr alloy, section 2.4) had an acceptable retention 
rate of 92 percent at 3 years in vivo. However, there was a failure rate of eight 
percent, which might be related to the use of a conventional type composite, 
commonly not recommended as luting cement for etched retainers. The study 
presented in this section was performed to test the influence of the luting 
cement on the short-time success rate of adhesive bridges (experiment II, see 
section 3.1.2.3) under controlled conditions. 
The experimental variables 'cementation material' and 'operator' were altered 
while other factors were kept as constant as possible. The evaluation of co-
variables is presented in section 3.5. 
3.4.2 Material and methods 
A total of 102 adhesive bridges was inserted in 92 patients during a seven 
months period. Eighty patients received one adhesive bridge and 10 patients 
were treated with two retainers. Two patients, which were already involved in 
experiment I, recieved an additional adhesive bridge in this trial. The selection 
criteria for the patients are presented in section 3.1.2.1 and appendix 1. The sex 
and age distribution of the patients involved in this trial is presented in figure 
3-11. 
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Figure 3-11 Age and sex distribution of the patients. 
The experimental variables tested were: (1) 'cementation material' and (2) 
Operator'. The assignment of the experimental variables was conducted as 
described in section 3.1.2.4. The cementation materials involved were: 
1 Clearfil F : : 
2 Silar+ 
3 Conclude+ 
4 Panavia Ex"". 
Silar was tested in combination with type A retainers (see section 3.3) while 
Conclude and Panavia Ex were tested in combination with type С retainers. 
Clearfil F was used in combination with both the retainer types. The fabrica­
tion of the retainers were equal to the fabrication in experiment I, with one 
exception: the non-retentive venting hole of type С retainers (fig. 3-9) was not 
used in this experiment. 
The bridges were replacing one (79 cases) or two teeth (23 cases). 
The distribution of the bridges by operator and cementation material is pre­
sented in table 3-23. 
Clearfil F®, Panavia Ex®: Cavex/Kuraray, Haarlem, The Netherlands. 
Silar, Conclude: 3M Dental Products, St. Paul, Minn , USA. 
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Table 3-23 Distnbution of bridges according to operator and cementation 
material. 
operator Silar Clearfil F Conclude Panavia Ex total 
type A type C* 
1 
2 
3 
4 
5 
total 
7 
0 
3 
3 
5 
IS 
1 
2 
3 
5 
2 
13 
9 
2 
4 
3 
3 
21 
13 
1 
6 
3 
4 
27 
10 
3 
2 
4 
4 
23 
combination with retainertype 
The clinical procedures were carried out as described in section 3.1.2.8. Infor­
mation about the operator is presented in section 3.1.2.2. The evaluation 
period was 2.2 years, with a minimal follow-up of 1.6 years for each bridge. 
Patients were recalled in the sequence of the evaluation plan (section 3.1.2.5). 
A 99% patient retrieval was reached. 
The experimental variables were evaluated for the criterion 'retention'. 
The nominal level of significance for statistical analysis was fixed at α = 0.02. 
3.4.3 Results 
During the evaluation period there were 24 failures, consisting of 14 dislodge-
ments and 10 pontic fractures. In 50 percent of the cases (n = 7) the dislodge­
ment was partial dislodgement of one abutment tooth and in 50 percent of the 
cases the loosening of the bridge was complete. The dislodged retainers were 
rebonded and five out of 14 rebonded adhesive bridges dislodged again ('se­
cond dislodgement'). The dislodged rebonded retainers were inserted using 
another cementation material. The fractured bridges were repaired. The distri­
bution of inserted and dislodged adhesive bridges as well as the distribution of 
the second dislodgements by cementation material is listed in table 3-24. 
During the evaluation period one patient was recorded lost-to-follow-up. It 
was a patient having an adhesive bridge inserted with Conclude which dislod­
ged once during the period the patient was actually evaluated. 
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No significant differences were found concerning the influence of the cemen-
tation material on dislodgement. The distribution of inserted and dislodged 
bridges per operator is presented in table 3-25. 
Table 3-24 Distribution of inserted and dislodged adhesive budges and dis-
tribution of the second dislodgements according to cementation material (1.6 
years follow-up). 
cementation 
material 
Silar 
Clearfil F (type 
Clearfil F (type 
Conclude 
Panavia Ex 
total 
* retainertype 
A)* 
C)* 
inserted 
18 
13 
21 
27 
23 
102 
dislodged 
4 
1 
3 
5 
1 
14 
'second 
di< 
2 
0 
1 
2 
0 
5 
¡lodgements' 
retention 
rate(%) 
78 
92 
86 
82 
96 
86 
Table 3-23 Distribution of inserted and dislodged adhesive bridges according 
to operator (1.6 years follow-up). 
operator 
operator 1 
operator 2 
operator 3 
operator 4 
operator 5 
total 
inserted 
40 
8 
18 
18 
18 
102 
dislodged 
6 
1 
4 
2 
3 
14 
retention rate (%) 
85 
87 
78 
89 
83 
86 
No significant differences were found concerning the influence of the opera-
tor on dislodgement. 
The mean age of the adhesive bridges in function at the end of the evaluation 
period was 1.9 years, ranging from 1.6 to 2.1 years. The mean age of the retai-
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ners when retention was lost was 0.8 years, ranging from 0.05 years to 1.7 
years. 
Figure 3-12 presents the overall retention rate of the adhesive bridges during 
the evaluation period (Kaplan-Meier). The overall survival at the end of the 
evaluation was 86 percent. 
survival % 
100-.Î 
years 
Figure 3-12 Overall retention rate of the adhesive bridge during the evalua-
tion period (Kaplan-Meier). 
3.4.4 Discussion 
The retention rates of the adhesive bridges in this experiment were varying 
from 78 percent up to 96 percent. However, as in experiment I, the small num-
ber of dislodgements did not permit a valid statistical discrimination between 
the four cementation materials or between the operators. The overall retention 
rate of the bridges in this trial at the end of the evaluation period is comparable 
with the overall retention rate in experiment I at equal follow-up (86 ± 3% in 
this trial vs 92 ± 3% in experiment I). 
3.4.5 Conclusions 
Due to the small number of dislodgements during the follow-up no relevant 
conclusions can be drawn. 
Longer follow-up is necessary for the evaluation of the experimental variables 
since statistical testing is only possible in case more bridges are dislodged. 
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3.5 Evaluation of the clinical study: influence of co-variables 
3.5.1 Introduction 
As described in chapter 1, the main objective of the study was to investigate 
the influence of relevant oral factors on the durability of adhesive bridges as 
well as to explore the influence of some factors of potential importance. The 
influence of the experimental variables on the behaviour of adhesive bridges is 
described in sections 3.3 and 3.4. Due to the small number of dislodgements 
(14 within each experiment) it was not possible to make a valid statistical dis-
crimination between the experimental variables. However, during the evalua-
tion period there were 28 dislodgements on a total of 213 adhesive bridges. 
Fifty percent of the bridges dislodged again after they were rebonded. A total 
of 20 pontic fractures was detected. 
This section deals with the evaluation of the integral sample group of the brid-
ges with respect to the failures mentioned above. Besides experimental varia-
bles a number of co-variables was evaluated as to explore the influence of 
some factors of potential importance. 
A number of factors was considered to be of potential importance for the suc-
cess of adhesive bridges since several investigators suggested these factors to 
be a substantial part of the indication criteria of adhesive bridges1"5. 
3.5.2 Material and methods 
The study involves all patients and bridges of experiment I and II (see sections 
3.3 and 3.4). The patients and bridges involved in the pilot study (section 
3.1.2.3) were excluded for this study. A total of 203 bridges was inserted in 
183 patients during a 16 months period. Twenty patients received two bridges 
and 163 patients were treated with one adhesive bridge. The follow-up period 
was fixed at 1.6 years, which equals the minimal follow-up in experiment II. 
Failures that occurred after 1.6 years follow-up were recorded as not failed at 
the end of the follow-up period. 
Three types of adhesive bridges (section 3.3) were inserted by five operators 
using four cementation materials (section 3.4). The distribution of the bridges 
and cementation materials by operator is presented in table 3-3 (section 3-1). 
The following experimental variables were evaluated: (1) macromechanical 
retained bridges vs micromechanical retained bridges and (2) operator. 
All type A and type ß bridges were recorded as macromechanical (n = 92) and 
type С bridges were recorded as micromechanical (n = 111). 
The co-variables (patient dependent variables) evaluated were: 
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1 restored vs sound abutment teeth (restoration level) 
2 initial mobility of the abutment teeth 
3 number of teeth to be replaced by the adhesive bridge (length of the 
bridge) 
4 location of the bridge 
5 occlusion. 
1 The level of restoration of the abutment teeth was calculated as follows : 
0 = no abutment teeth with restorations at the palatal site and/or the site 
adjacent to the open space 
1 = one abutment tooth restored (with restorations(s) at the palatal site 
and/or the site adjacent to the open space) and the other tooth not 
restored (at the palatal site and/or the site adjacent to the open space) 
2 = both abutment teeth restored with restorations at the palatal site and/ 
or the site adjacent to the open space. 
The presence of restorations at the buccal site and/or at the site of the 
abutment teeth opposite to the open space was not measured for evalua-
tion. 
2 The (initial) mobility of the abutment teeth was assessed using a four-gra-
des scale6, then calculated as follows: 
0 = physiological mobility of both abutment teeth 
1 = increased mobility of one abutment tooth (grades 1-3) and physiolo-
gic mobility of the other abutment tooth 
2 = increased mobility of both abutment teeth. 
3 The number of teeth to be replaced was recorded as the number of pontics 
needed to fill up the open space (section 3.2.3). 
1 = one pontic bridge 
2 = two pontic bridge. 
4a As to evaluate the effect of the location of the bridge a subdivision was 
made to: 
1 = location in the maxilla 
2 = location in the mandible. 
4b The location of the bridge in the dental arch was determined using the fol-
lowing index: 
1 = anterior bridge: both the abutment teeth and teeth to be 
replaced are incisors 
2 = cuspid bridge: one of the abutment teeth or teeth to be 
replaced is a cuspid 
3 = posterior bridge: both the abutment teeth and teeth to be 
replaced are premolars or molars. 
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Occlusion was measured with occlusion testfoil (Mikrodünn Okklusionspa-
pier, Dr. Jean Bausch K.G., Köln, BRD) and recorded as follows: 
5a. Occlusion retentionwing(s) 
0 = no occlusion on retentionwing(s) 
1 = occlusion on retentionwing(s) 
5b. Occlusion on the pontic 
0 = no occlusion on the pontics 
1 = occlusion on the pontics. 
All variables were recorded at baseline (before the bridge was inserted) except 
the variable 'occlusion' which was measured in session 3 after the finishing of 
the restoration (section 3.1.2.8). 
In order to be sure that no disturbing variables are playing a role, the sample 
groups of experiment I and II were evaluated for significant differences with 
respect to the co-variables. The distribution of the treatments over the patients 
(section 3.1.2.4) was also tested with respect to the co-variables. 
The variables were evaluated for the criterion 'retention'. 
3.5.3 Results 
Evaluation of the sample groups of experiment I and II showed no significant 
differences. The distribution of the bridges by sample group and recorded 
value per co-variable is presented in table 3-26. 
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Table 3-26 Distribution of the bridges according to sample groups and recor-
ded values per co-variable. 
co-
1 
2 
3 
4a 
4b 
5a 
5b 
variable 
restoration level 
mobility 
number of teeth replaced 
location 
location in the dental arch 
occlusion on retentionwings 
occlusion on pontic 
value 
0 
1 
2 
0 
1 
2 
1 
2 
1 
2 
1 
2 
3 
1 
2 
m.d. 
1 
2 
m.d. 
number of bridges 
experiment I 
50 
25 
26 
86 
11 
4 
85 
16 
79 
22 
35 
62 
4 
76 
22 
3 
58 
40 
3 
experiment II 
55 
28 
19 
82 
16 
4 
79 
23 
79 
23 
31 
63 
8 
69 
33 
-
50 
50 
2 
m.d. = missing data 
There were more females in experiment II than in experiment I (60% vs 47%). 
Analysis of variance showed no significant differences between the treatments 
with respect to the co-variables (table 3-27). 
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Table 3-27 Analysis of treatments with respect to a number of co-variables. 
exp. I 
exp. II 
Anova 
type by restoration level 
type by mobility 
type by occlusion 
type by location 
type by location in dental arch 
cement by restoration level 
cement by mobility 
cement by occlusion 
cement by location 
cement by location in dental arch 
P-value 
0.69 
0.45 
0.21 
0.56 
0.81 
0.94 
0.37 
0,84 
0,92 
0,25 
During the follow-up period of 1.6 years there were 23 dislodgements (reten­
tion rate 89 percent). One adhesive bridge was lost-to-follow-up at the end of 
the evaluation period. The distribution of inserted and dislodged bridges by 
type of bridge is listed in table 3-28. 
Table 3-28 Distribution of inserted and dislodged bridges according to type 
of bridge. 
type of bridge 
macromechanical 
micromechanical 
total 
inserted 
92 
101 
203 
dislodged 
13 
10 
23 
retention rate (%) 
86 
91 
89 
No significant differences were found concerning the influence of 'type of 
bridge' on the retention (Chi-square, ρ = 0.36). 
The distribution of inserted and dislodged bridges by operator is listed in table 
3-29. The influence of the operator on the retention of the bridges was not 
found to be significant (Chi-square, ρ = 0.50). 
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Table 3-29 Distribution of inserted and dislodged bridges according to opera­
tor. 
operator 
1 
2 
3 
4 
5 
total 
inserted 
93 
30 
44 
18 
18 
203 
dislodged 
10 
2 
8 
1 
2 
23 
retention rate (%) 
89 
93 
82 
94 
89 
89 
The distribution of inserted and dislodged bridges by 'restoration level' is pre­
sented in table 3-30. 
Table 3-30 Distribution of inserted and dislodged bridges according to resto­
ration level. 
restoration 
0 
1 
2 
total 
level inserted 
105 
53 
45 
203 
dislodged 
10 
9 
4 
23 
retention rate 
90 
83 
91 
89 
(%) 
One-way analysis of variance showed no differences in retention rates with 
respect to 'restoration level' (p = 0.82). 
Table 3-31 presents the distribution of inserted and dislodged bridges by 'mo­
bility'. There were no differences in retention rates with respect to the co-
variable 'mobility' (ANOVA, ρ = 0.99). 
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Table 3-31 Distribution of inserted and dislodged bridges according to mobi­
lity. 
mobility 
0 
1 
2 
total 
inserted 
168 
27 
8 
203 
dislodged 
19 
3 
1 
23 
retention rate 
89 
89 
88 
89 
(%) 
The distribution of inserted and dislodged bridges by 'number of teeth repla­
ced' is depicted in table 3-32. 
Table 3-32 Distribution of inserted and dislodged bridges according to num­
ber of teeth replaced. 
number of teeth 
replaced 
1 
2 
total 
inserted 
164 
39 
203 
dislodged 
16 
7 
23 
retention rate (%) 
90 
82 
89 
The difference in retention between one-pontic bridges and two-pontic brid­
ges was not significant (Chi-square, ρ = 0.24). 
The distribution of inserted and dislodged bridges by 'location' and 'location 
in the dental arch' are presented in tables 3-33 and 3-34. 
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Table 3-33 Distribution of inserted and dislodged bridges according to loca­
tion of the bridges. 
location inserted dislodged retention rate (%) 
maxilla 158 17 89 
mandible 45 6 87 
total 203 23 89 
Table 3-34 Distribution of inserted and dislodged bridges according to loca­
tion m the dental arch. 
location in the inserted dislodged retention rate (%) 
dental arch 
1 66 2 97 
2 125 17 86 
3 12 4 67 
total 203 23 89 
The difference in retention rates between bridges made in the maxilla and 
bridges inserted in the mandible was not significant (Chi-square, ρ = 0.83). 
The differences in retention rates between bridges made on different locations 
in the dental arch were found to be significant (ANOVA, ρ = 0.03). 
The distribution of inserted and dislodged bridges by 'occlusion on retention 
wing(s)' is presented in table 3-35. The variable Occlusion on retention 
wing(s)' did not have a significant influence on the retention rates (Chi-squa­
re, ρ = 0.46). 
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Table J-35 Distribution of inserted and dislodged bridges according to occlu­
sion on retention wingis). 
occlusion on inserted dislodged retention rate (%) 
retention wing(s) 
0 145 14 90 
1 55 8 86 
m.d. 3 1 
total 203 23 89 
m.d. = missing data 
The distribution of inserted and dislodged bridges by the variable Occlusion 
on the pontic' is presented in table 3-36. There were no differences in reten­
tion rates with respect to the variable 'occlusion on the pontic' (Chi-square, 
ρ = 1.00). 
Table 3-36 Distribution of inserted and dislodged bridges according to occlu­
sion on the pontics. 
occlusion inserted dislodged retention rate (%) 
on pontic 
0 108 11 90 
1 90 9 90 
m.d. 5 3 
total 203 23 89 
m.d. = missing data 
3.5.4. Discussion 
Since the evaluation of the sample groups showed no relevant differences with 
respect to the co-variables, both the sample groups may be considered as 
being part of one and the same population. This means that direct evaluation 
of experimental variables and co-variables is allowed with this material. 
87 
As described in section 3.1.2.4, the group sizes of the treatments were not 
equal. However, analysis of variance showed no relationship between the 
treatments (i.e. the type of bridge in experiment I and the cementation mate-
rial in experiment II) and the co-variables. This means that the distribution of 
the treatments was independent of the co-variables and that the differences in 
group sizes may be considered as random. 
As in the evaluation of experiments I and II the experimental variables tested 
in this study did not show a significant influence on retention. 
The co-variables tested in this study showed no significant influence on the 
short-term retention rate of adhesive bridges with exception of the variable 
'location of the bridge'. This means that within the given circumstances (i.e. 
bridge design, clinical procedures and used dental materials) the variables 'res-
toration level', 'mobility', 'length of the bridge' and 'occlusion' may be consi-
dered as non-relevant factors for the short-term survival rate of adhesive brid-
ges. The co-variables 'restoration level' and 'length of the bridge' were also 
studied in retrospective cross-sectional research by Kerschbaum et al.4. As in 
this study they did not find a relationship between these factors and the reten-
tion rate of adhesive bridges. However, other studies reported a higher reten-
tion rate for 3-unit macromcchanical bridges compared to 4 - or more - unit 
macromechanical bridges2, . 
Williams et al.' suggested that heavy occlusion might have a role in 70% of the 
failures in their study. However, as in this study, they could not show the 
variable 'occlusion' to be a significant factor. 
With respect to the variable 'location of the bridge' there were no significant 
differences between the bridges made in the maxilla and the bridges inserted in 
the mandible. This finding meets the results of Kerschbaum et al.4 and Bergen-
dal et al.3. 
A relationship was found between the retention rate of adhesive bridges and 
the location in the dental arch. On the other hand due to the explorative cha-
racter of this part of the study it is not clear whether this relationship is repro-
ducable. The retention rates varied from a 97 percent success rate for anterior 
bridges to a 67 percent retention rate for posterior bridges. A probable reason 
for the relative low retention of the posterior bridges might be found in the 
design of the retainers, since the design was substantially different from 
designs proposed by other investigators. As explained in section 1.5 adhesive 
bridge designs which request major tooth preparations were excluded from 
this study. The observed differences are in most cases so small that an even-
tually insufficient power of the study is not considered to be responsible of 
having introduced an absence of influencing co-variables. 
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3.5.5 Conclusions 
From the results of this study it may be concluded that the experimental varia­
bles ((1) macromechanical adhesive bridges vs micromechanical bridges and 
(2) operator) had no effect on the short-term retention rate of adhesive brid­
ges. 
From the factors which were considered to be of potential importance for the 
success of adhesive bridges, a relationship was only found for the variable 'lo­
cation in the dental arch'. 
The factors 'restoration level', 'mobility', 'length of the bridge' and 'occlusion' 
showed no association with the retention rate of the adhesive bridges. 
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3.6 Failure characteristics and evaluation of rebonded adhesive bridges 
3.6.1 Introduction 
The Analysis as described in previous sections showed no relationships 
between experimental and co-variables and the retention rate of adhesive brid-
ges, except for the variable 'location in the dental arch'. 
For a number of factors of potential importance (as suggested by other inves-
tigators) as well as for reportedly in vitro bond strength values (tables 2-2 and 
2-3) the relevance could not be demonstrated. Compared to other clinical stu-
dies the retention rate of the bridges was satisfactory. However, during the 
evaluation period there were 28 dislodgements on a total of 213 adhesive brid-
ges, while a total of 20 pontic fractures was detected. 
One of the advantages of adhesive bridges is that they may be rebonded in case 
of debonding. In vitro, lower bond strength values were found for rebonded 
adhesive retainers than for originally bonded retainers1. Failures of original 
bonded retainers1"3 as well as failures of rebonded retainers' reportedly occur-
red most frequently as cohesive fracture of the composite. In vivo studies con-
firm these failure characteristics4,5. However, results about the retentive capa-
city of rebonded bridges are conflicting. Shaw et al.4rcported a 90 percent suc-
cess rate of rebonded bridges, while Bergendal et al.5 found rebonded bridges 
to tend to redebond. 
This section deals with the characteristics of the failures in the study. An 
inventory of the failures is made as to explore the weakest link in the system of 
adhesive bridges and to stimulate further research in this field. The aim of the 
study was to investigate the retentive capacity and failure characteristics of 
dislodged and rebonded bridges. 
3.6.2 Material and methods 
A total of 203 adhesive bridges was inserted in 183 patients. Macromechanical 
as well as micromechanical retained bridges were inserted following standar-
dized procedures and using four different luting resin cements (section 3.2.1). 
The distribution of the bridges according to the different bridge type and 
luting cements is presented in table 3-3. The evaluation period of the study 
was 2.9 years. The minimal follow-up period per bridge was 1.6 years. 
During the evaluation period 28 dislodgements were detected. The dislodged 
bridges were evaluated for failure characteristics and probable reason for dis-
lodgement. The following data were recorded: 
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1 Type of failure 
1 = partial dislodgement (loosening of one of the retainers) 
2 = complete dislodgement (loosening of both the retainers) 
2 Failure characteristics 
1 = fracture of the enamel/resin interface 
2 = cohesive fracture of the composite resin 
3 = fracture at the retainer/resin interface 
3 Probable reason of dislodgement 
1 = external trauma 
2 = trauma from occlusion 
3 = hypermobility of the abutment teeth 
4 = biting/chewing of hard food 
5 = procedure 
6 = undetectable. 
The probable reason for dislodgement was assessed by interviewing the 
patient and by intra-oral examination. 
The dislodged bridges were rebonded. The rebonding procedure was the same 
as the original bonding procedure and was carried out after cleaning both the 
abutment teeth and the retainers. In most cases the probable cause of failure 
gave no reason for adjusting the occlusion or the retainer design. In some cases 
an adjustment was necessary so as to prevent a new failure. 
The rebonded bridges were evaluated for retention and compared to the origi-
nal bonded bridges. For the evaluation of the rebonded bridges, the follow-up 
period was fixed at 0.8 years, which is half the minimal follow-up period per 
bridge. This fixation was made as to guarantee an equal at-risk period for both 
the original and rebonded bridges. Failures, that occurred after 0.8 year fol-
low-up were recorded as not failed at the end of the evaluation period. 
Besides the 28 dislodgements there was also a number of pontic fractures. The 
co-variable Occlusion on the pontic' (section 3.5.2) was evaluated for the cri-
terion 'pontic fracture' as to explore the influence of this factor of potential 
importance. Other factors were considered to be not of potential importance 
in this respect. 
3.6.3 Results 
The distribution of the dislodged bridges according to the type of failure is 
presented in table 3-37. 
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Table 3-37 Distribution of dislodged bridges according to the type of failure 
type of failure number % 
partial dislodgement 15 54 
complete dislodgement 13 46 
total 28 100 
Fifty-four percent of the dislodgements were partial dislodgements. The dis-
tribution of the dislodged bridges according to the failure characteristics is 
presented in table 3-38. 
Fig. 3-13 Cohesive fracture of the composite resm: 
(a) Macromechamcal adhesive bridge 
(b) Micromechamcal adhesive bridge. 
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Table 3-38 Distribution of the dislodged bridges according to the failure cha-
racteristics. 
failure characteristics number % ' 
enamel/resin interface 2 7 
cohesive fracture 10 37 
retainer/resin interface 15 56 
not identified 1 
total 28 100 
* corrected for missing 
The major part (56%) of the failures occurred at the resin/retainer interface. 
Seven percent of the cases were failures at the resin/enamel interface while 37 
percent were cohesive fractures of the luting resin cement (fig. 3-13). 
Table 3-39 Distribution of dislodged bridges according to the probable rea-
son for dislodgement. 
probable reason for dislodgement 
external trauma 
trauma from occlusion 
hypermobility of abutment teeth 
biting/chewing of hard food 
procedure 
unknown 
total 
number 
5 
1 
2 
7 
1 
12 
28 
% 
17 
3 
7 
25 
3 
42 
100 
Table 3-40 Retention rates of original bonded and rebonded adhesive brid-
ges. 
bridges number dislodged retention rate (%) 
original bonded 203 13 94 (0.8 year) 
rebonded 13 8 39 (0.8 year) 
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Table 3-40 shows the retention rates of original bonded and rebonded adhe­
sive bridges after 0.8 year. 
Within the follow-up period for the evaluation of the retention of the rebon­
ded bridges (0.8 year), there were 13 dislodgements. 
Compared to the original bonded bridges the rebonded bridges had a signifi­
cant lower retention rate (Fisher-test, ρ < 0.01). Adjusted as well as not adjus­
ted retainers were involved in the dislodgements of rebonded retainers. The 
major part of the dislodged rebonded bridges showed failure as a result of 
cohesive fracture of the resin cement (6 cases, 2 cases were not identified). 
During the evaluation period (2.9 year) there were 20 pontic fractures. The 
distribution of the pontic fractures according to the variable Occlusion on the 
pontic'is presented in table 3-41. 
Table 3-41 Distribution of the pontic fractures according to 'occlusion on the 
pontic' 
occlusion on pontic number pontic fractures 
no occlusion on pontic 108 5 
occlusion on pontic 90 13 
missing data 5 2 
total 203 20 
The influence of the co-vat ¡able Occlusion on the pontic' on pontic fractures 
was found to be significant a* ρ = 0.03 (Chi-square). 
3.6.4 Discussion 
The evalution of the type of failure showed that a substantial part of the dis­
lodgements were complete dislodgements. Since a complete dislodgement of 
an adhesive bridge may compromise the patient in terms of esthetics this 
should be recognized as a serious problem. Besides, there is the risk for swal­
lowing or aspiration when this happens at night. However, aspiration of an 
adhesive bridge is never reported and in this study all the patients noticed a 
complete dislodgement immediately. 
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The evaluation at the failure characteristics showed that the major part of the 
dislodgements was due to failure at the resin/retainer interface (56%) or cohe­
sive fracture of the resin cement (37%). Failure at the resin/enamel interface 
was only seen in 2 cases (7%). 
Evaluation of a possible association between the experimental variables (1) 
type of bridge and (2) cementation material (section 3.2.2.3) and the failure 
characteristics is most interesting. However, the number of dislodgements is 
too small for such an evaluation in this study. The number of failures at the 
resin/enamel interface elucidates the fact that no influence was found for the 
co-variable 'restoration level' on the retention rate of adhesive bridges (section 
3.5.3). From this evaluation it may be concluded that the clinical procedures 
(section 3.1.2.8) with respect to the bonding at the tooth surface were satisfac­
tory. The inventory of probable reasons for dislodgement shows that 17 per­
cent of the dislodgements were due to an external trauma and that 25 percent 
of the dislodgements were caused by biting or chewing hard food. Instruction 
to the patients (as proposed by Bergendal et al.5) to avoid biting on hard 
objects might have lead to a lower failure rate. 
The evaluation of the rebonded bridges showed a significant higher failure rate 
for rebonded adhesive bridges than for original bonded bridges (p < 0.01). 
The major part of the failures occurred as cohesive fractures, both of the bon­
ded and rebonded bridges. Therefore, improper clinical procedures are not 
likely to have caused the failures. This means that either (1 ) the rebonded brid­
ges, or (2) the patients with dislodged bridges should be considered as a risk 
group for the retention of adhesive bridges. If the patient (including specific 
variables such as occlusion, location, oral habits, etc.) with dislodges bridges 
form a risk group, this might be due to a relationship between the indication 
of adhesive bridges and the success rate. 
However, the evaluation of the co-variables as described in section 3.5 did not 
show such a relationship, except for the variable 'location in the dental arch'. 
A study involving the replacement of dislodged bridges by new bridges is 
necessary to test the risk group hypothesis. 
The design of the study allows such an evaluation in the future. 
Since 16 percent of the open spaces were treated with an adhesive bridge 
before they entered the study (section 3.2.4), this group might have an 
influence on the retention rate. However, an additional test did not show sig­
nificantly different retention rates between this group of bridges and the 
group of bridges which was inserted in open spaces with another pretreatment 
(Chi-square, ρ = 0.26). 
The evaluation of the pontic fractures showed a relationship between the co-
variable 'occlusion on the pontic' and 'pontic fracture'. The number of pontic 
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fractures (η = 20) was substantial. Actually this type of failure is preventable 
and unacceptable. The high number of pontic fractures might be related to the 
fabrication of the pontic (section 3.3.2). The laboratory procedure as used in 
this study, in which a prefabricated acrylic tooth is polymerized to the metal 
framework, is considered to be insufficient. A failure rate of 40 percent is 
reported when using this laboratory procedure6. 
The use of porcelain fused to metal pontics might be a solution for this pro­
blem. However, fractures of baked porcelain pontics are reported by several 
investigators3,4,7. Since there was a relationship between pontic fractures and 
occlusion on the pontic, improvements are to be expected in the design of the 
pontic. Efforts to improve the bond of the acrylic pontic to the metal frame 
are being made. 
3.6.5 Conclusions 
From the failure characteristics it may be concluded that the clinical procedu­
res with respect to the bonding at the tooth surface were sufficient. The major 
part of the failures occurred as failure at the resin/retainer interface or as a 
cohesive fracture of the resin cement. Improvements are to be expected in the 
development of both the luting resin cements and their bond strength with the 
retainer. 
Rebonded adhesive bridges showed a significant higher failure rate than origi­
nal bonded adhesive bridges. 
The laboratory procedures for the fabrication of the pontic as used in this 
study are considered to be insufficient. 
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4 Overcontouring in adhesive bridges: 
plaque accumulation and 
gingival health 
4.1 Introduction 
With the application of adhesive bridges the preparation of sound teeth may 
be reduced to a minimum. The non-preparation technique implies a change of 
the original lingual contour caused by the retention wings of the adhesive 
bridge. Overcontouring as a result of artificial crown contours may lead to 
increased plaque accumulation and to a decrease of the gingival health of the 
supporting tissues. 
Parkinson' found a greater amount of plaque accumulation in overcontoured 
crowns. Fankhauser2 found a relationship between bleeding on probing and 
axial overcontour of crowned teeth. Sackett & Gildenhuys3 reported that 
change of normal crownforms by overcontouring the buccal axial third of a 
tooth may be an unfavourable factor in relation to gingival health. These fin-
dings suggest that overcontouring of teeth by the retention wings of adhesive 
bridges may lead to impaired periodontal health. Consequently tooth modifi-
cation on lingual surfaces of the abutment teeth is supposed to minimize over-
contouring4. 
However, the effect of overcontouring in adhesive bridges on the amount of 
plaque accumulation and gingival health is unknown. 
Knowledge about the amount of plaque accumulation and gingival reactions 
as a result of overcontouring in adhesive bridges is necessary to make recom-
mendations for the preparation of the abutment teeth. 
In adhesive bridges, the following factors may be responsible for plaque accu-
mulation and gingival reactions: (1) the overcontouring of the lingual surface 
of the abutment teeth, (2) the cervical niche as a result of the overcontoured 
wings, (3) the connector between the retention wings and the pontic, (4) the 
pontic and (5) the surface structure of the used materials. 
The aim of this study was to evaluate plaque accumulation and gingival health 
in relation to the factors 1,2 and 3 under experimental conditions. The factors 
4 and 5 were considered not to be specific for adhesive bridges. 
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4.2 Material and methods 
Ten test/control sites were selected in 10 dental students 19 to 28 years of age 
(mean age 22.8 years). The selection of the subjects was based on the following 
criteria: (1) frontteeth in the upper jaw are sound and unfilled, (2) absence of 
gingival pockets and gingival recessions in this region and (3) voluntary co-
peration and acceptance of the experimental conditions during the test period. 
The sites involved in this experimental study were the central and lateral 
maxillary incisors with adjacent gingiva; the contralateral incisors and gingiva 
were used as the control sites. Five test sites were located to the side of the 
hand used by the subject to brush his teeth, while the other five test sites were 
located to the opposite side. 
An artificial model resembling an adhesive bridge was developed: a modified 
adhesive 'bridge' (MAB). 
Figure 4-1 The design of the modified adhesive 'bridge' (MAB), (a = reten­
tion wing; b = abutment tooth; с = connector). 
The MAB's were inserted at the experimental teeth using Panavia Ex® (Cavex, 
Kuraray) luting agent, following standardized procedures. 
The main criteria for the design of the MAB (see figure 4-1) were formulated 
as follows: (1) retention wings cover up at least half of the total lingual surface 
of the abutment teeth, (2) retention wings and connector have a thickness of 
0.5 mm (in linguo-facial direction), (3) retention wings and connector have a 
1.0 mm distance to the gingiva. 
Laboratory procedures were also standardized. They were carried out accor­
ding to the next eight steps: (1) stone casts were made from alginate impres­
sions and used for master casts, (2) a strip of wax of 0.5 mm by 1.0 mm was 
folded to the gingival margin as to fix the cervical outline of the MAB, (3) mas­
ter casts (including the strips of wax) were duplicated and poured in a refrac­
tory material, (4) a piece of plate-wax (0.6 mm thick) was used for waxing up 
in order to control the thickness of the MAB which was 0.5 mm after polis-
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hing, (5) incisai rests were waxed up for proper seating of the MAB, (6) the 
wax-patterns were invested and cast in Wironium® (Bego), (7) the MAB was 
checked on the above mentioned criteria and (8) the MAB was polished and 
the retention wings were etched at the internal surface. 
After insertion the incisai rests and the excess of luting resin were carefully 
removed. 
The experimental period was divided in three subperiods. 
Period 0: Optimal oral hygiene with professional aids. At the test/control 
sites no plaque and no bleeding after probing was permitted. 
Periodi: The subject exercised his own usual oral hygiene procedures 
(toothbrush). Additional oral hygiene procedures were not per­
mitted. 
Period II : No oral hygiene activities were permitted in the maxillary anterior 
region (13-23). Oral hygiene outside of this region was permitted. 
cleansing period 
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Figure 4-2 Time-schedule of the recalls and examinations during the experi­
mental and control period (i = insertion of the MAB; r = recall for professional 
oral hygiene; t = examination; rem = removal of the MAB). 
The duration of periods I and II was 10 days and the duration of period 0 
depended on time required to get an optimal clean and healthy condition. 
Usually three till four days were required. Periods I and II were both precee-
ded by period 0. Figure 4-2 gives the time-schedule of the recalls and examina­
tions during the experimental period. 
Assessment of plaque accumulation was made according to the Plaque Index 
(PlI) as described by Silness & Löe5. Assessment of the gingival health was 
made according to the Papillary Bleeding Index (PBI)6. 
A photograph (40 χ 40 cm, adapted from Sanderink7) of the PBI including 
clinical pictures and graphical representations of the scores was used as a refe­
rence in assessing the gingival health. 
Measurements of PlI and PBI were made at eight locations on each experi­
mental and control side (see figure 4-3): 
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A 1,2 linguo-lateral site with adjacent gingiva 
В 1,2 linguo-medial site with adjacent gingiva 
С 1,2 labio-lateral site with adjacent gingiva 
D 1,2 labio-medial site with adjacent gingiva. 
All measurements of P1I and PBI were performed by one observer. 
l ingual side 
Figure 4-3 Scheme of the experimental side showing the different locations of 
measurement. 
Experimental and control region were compared using the following combi­
nation of indices: 
(1) mean P1I and PBI of the lingual sites (Pili and PBIi) as to measure the 
influence of connector and cervical overcontour. 
(2) mean PlI and PBI of the linguo-medial (Plli
m
 and PBI|
m
) as to measure 
the influence of the connector and linguo-latcral sites (РІц and РВІц) as to 
measure the influence of the cervical overcontour. 
(3) mean PlI and PBI of all sites (PU, and PBI,) as a control experiment. 
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4.3 Results 
The results of the PlI and PBI measurements in the experimental and the con­
trol sides are shown in figure 4-4. 
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Figure 4-4 Graphical representation of the mean PlI and PBI scores at the 
experimental and the control sides (I = cleansing period; II = no-cleansing 
period). 
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Figure 4-5 Graphical representation of the mean PlI and PBI scores at the 
lingual sites (I = cleansing period; II = no-cleansing period). 
No significant differences were found between the mean PU of the experimen­
tal (Р1І,е) and the control sides (Plltc) during the experimental period. The 
mean PBI scores at different examinations of the experimental and control 
sides showed no significant differences except for the last examination in 
period II (PBIte > PBI tc; ρ < 0.05). 
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Figure 4-5 shows the mean Pli and PBI scores of the lingual sites at the diffe­
rent examination times. 
A significantly higher Pili of the experimental sites was found at examinations 
1-2,1-4 and II-2 (Pili,. > P1I|C; ρ < 0.05). At examination II-4 (after 10 days of 
no cleansing) a significantly higher PBI) was found for the experimental sites 
( P B I l c > P B I l c ; p < 0 . 0 1 ) . 
Evaluation of PI and PBI measurements of the linguo-lateral sites showed no 
significant differences between the experimental and control group, except for 
PI measurements of the second examination in period I (figure 4-6). 
[ II 
Figure 4-6 Graphical representation of the mean PU and PBI scores at the 
linguo-^eral sites (I = cleansing period; II = no-cleansing period). 
Figure 4-7 Graphical representation of the mean PlI and PBI scores at the 
linguo-medial sites (I = cleansing period; II = no-cleansing period). 
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Evaluation of Pli and PBI measurements of the linguo-medial sites is shown in 
figure 4-7. During period I the mean Pll|
m
's of the experimental group were 
higher than the mean Pll|
m
's of the control group. Significant differences were 
found for examination 1-2 (p < 0.05) and examination 1-4 (p < 0.01). 
PBIi
m
 in the experimental group was significantly higher than PBI|
m
 in the 
control group at the examinations II-2 and II-4 (p < 0.05). 
4.4 Discussion 
The results of this study showed that there was a tendency of increased plaque 
accumulation during the cleansing period (period I) on the lingual sites of the 
experimental teeth. A higher plaque accumulation was seen at the connector 
between the two retention wings than at the cervical ovcrcontouring. The dif­
ference found for PU on the linguo-latcral sites at examination 1-2 seems to be 
caused by the low РІІц for the control group rather than a result of increased 
plaque accumulation at the experimental sites. 
Although there was an increased plaque accumulation at the linguo-medial 
sites no significant differences were found for PBIim between test and control 
group during the cleansing period (I). 
All sites evaluated showed an increasing amount of plaque accumulation 
during the no-cleansing period (II). Highest plaque scores were found after 
four days of no cleansing. Lip and tongue activities and biting of food are pro­
bably an explanation for no further increase of plaque accumulation. 
The linguo-medial sites of the experimental teeth showed an increased gingival 
reaction to plaque accumulation compared with the control teeth during the 
no-cleansing period. 
Löe et al.8 and Sycd & Loesche9 described that significant changes in micro-
flora took place during the aging of plaque. Since these changes in microflora 
were considered to be responsible for gingival reactions, it is feasible that den-
tal plaque on the linguo-medial sites in the experimental group was older than 
that at the other sites evaluated. This means that physiologic cleansing by lip 
and tongue activities and biting of food was less effective at the connector 
sites. 
Compared to the influence at the (ovcrcontoured) connector the cervical over-
contouring is considered as a minor factor for plaque accumulation and gingi-
val reactions. 
The results of this study do not meet the findings of Parkinson1 and Fankhau-
ser2. Since crowns are involved in these studies, the findings are probably a 
result of ovcrcontouring at or below the gingival margin. 
103 
The idea that gingival reactions are related to the location of the overcontour 
is interesting but remains to be tested in a study varying the locations of the 
overcontour. The described method of experimental overcontour may be use-
ful in this respect. 
With respect to the method of the study some remarks come up for discus-
sion. As in the studies of Parkinson1, Fankhauser2 and Sacke« et al.3, the des-
cribed method of assessing plaque accumulation and gingival health was not a 
blind one. This means that the data recorded might be influenced by the 
observer since he knew what were the experimental and the control sites. In 
assessing plaque accumulation this problem could have been avoided by follo-
wing an indirect method10 in which experimental and control sites are blind. 
However, a reliable indirect method for plaque accumulation is only possible 
by colouring the plaque and this plaque staining is disturbing the PBI measu-
rements. 
4.5 Conclusions 
Although the present study is a short time evaluation in a group of healthy 
young subjects under experimental conditions the following conclusions may 
be drawn: 
1 Preparation of abutment teeth for adhesive bridges to avoid cervical over-
contouring by the retention wings seems not to be necessary to control 
gingival health. 
2 Oral hygiene procedures including the use of dental floss seems to be 
necessary to limit the amount of plaque accumulation at the site of the 
(overcontoured) connector. 
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5 Cost-benefit analysis of 
adhesive bridges 
5.1 Treatment times for adhesive bridges 
5.1.1 Introduction 
An important factor in the success of an innovation is the economic acceptabi-
lity e.g. the costs related to the production. An innovation, which rapidly 
gains popularity among general practitioners is the adhesive bridge.The cost of 
it depends on (1) the dentist fee, and (2) the expences for the dental laboratory. 
The fee of the dentist is based primarily on the time needed to accomplish the 
necessary clinical procedures e.g. the treatment time. Studies on times needed 
to apply amalgam restorations1 and posterior composite restorations2 indicate 
that many factors have an influence on the treatment time, among others the 
type and extension of the restoration and the operator. 
It was the aim of this study to determine treatment times for adhesive bridges 
and to trace factors, which have an influence on those times. 
5.1.2 Material and methods 
5.1.2.1 Selection of the patients 
From a group of 191 patients having part in the clinical trial of adhesive brid-
ges a selection was made for this study. Patients with more than one adhesive 
bridge (n = 22) and patients who needed extra procedures in the fabrication of 
an adhesive bridge due to complicating factors (n = 18) were excluded from 
this study. 
In this way the sample score in this study is 151 patients. 
5.1.2.2 The operators 
Five dentists were involved in inserting the adhesive bridges. At the beginning 
of the clinical study three operators were involved. The other two operators 
joined in half-way the clinical study. At the time the operators started to parti-
cipate in the clinical study they could be typified as follows: 
107 
Operator 1 : dentist (two years), part-time general practitioner, part-time 
staff-member at the dental school, much experience with adhe-
sive bridges. 
Operator 2: dentist (ten years), part-time general practitioner, part-time 
staff-member at the dental school, no experience with adhesive 
bridges. 
Operator 3: dentist (five years), full-time staff-member at the dental school, 
much experience with adhesive bridges. 
Operator 4: dentist (seven years), part-time practitioner, part-time staff-
member at the dental school, some experience with adhesive 
bridges. 
OperatorS: dentist (fifteen years), part-time general practitioner, part-time 
staff-member at the dental school, some experience with adhe-
sive bridges. 
5.1.2.3 The clinical procedures 
The clinical procedures were carried out with the help of a dental assistant fol-
lowing the steps of a written protocol. 
The clinical procedures are already presented in a detailed form in section 
3.1.2.8. For convenience of the reader the main steps are repeated at this place. 
Three sessions were used for the application of an adhesive bridge. The ses-
sions consisted of the following steps: 
First session: 1 cleansing of the abutment teeth 
2 selection of shade and colour of the pontic 
3 modifications of the abutment teeth (if required) 
4 taking the impressions (full alginate impression of upper 
and lower jaw) 
Second session: 1 cleansing of the abutment teeth (pumice/water) 
2 application of rubberdam 
3 check of the fitting of the adhesive bridge 
4 cleansing of the abutment teeth with NaOHCl 3% 
5 cleansing of the adhesive bridge with alcohol 80% 
6 etching of the abutment teeth (etching: 45 sec; spraying 
and drying with syringe, each 30 sec) 
7 cementation of the adhesive bridge 
8 removal of the excess of luting resin after setting 
9 check the occlusion 
10 occlusal adjustments (if required) 
Third session: 1 finishing of the outline of the retention wings 
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2 (again) checking of the occlusion 
3 occlusal adjustments (if required) 
4 oral hygiene instructions. 
Present restorations in the abutment teeth were replaced by new composite 
resin restorations (Clcarfil F®). 
The replacement was carried out either in the first session (in cases the restora-
tions were expected to be critical for the fitting of the adhesive bridges) or in 
the second session (in cases the restorations were expected not to be critical for 
the fitting of the adhesive bridges). 
5.1.2.4 Method of registration 
For each session the total time required for the clinical procedures was registe-
red. The extra time needed for trial-protocol procedures was excluded. 
5.1.2.5 Factors which may influence the treatment time 
Within the context of the given research design a number of factors was consi-
dered to have influence on the treatment time. These factors are presented in 
table 5-1. Other factors which might have minor influence were not conside-
red. 
Table 5-1 List of factors expected to influence the working time. 
factor session 1 
restoration * 
operator * 
experience * 
bridge type -
type of luting resin -
location -
tooth preparation * 
occlusal adjustment — 
* influence expected 
- no influence expected, not considered 
session 2 session 3 
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According to the design of the trial, the factors Operator', 'type of bridge' and 
'type of luting resin' are randomly assigned experimental variables. The factor 
'tooth preparation' was an associated experimental variable, related to 'type of 
bridge' and 'location'. The factors 'restoration', 'location' and 'occlusal 
adjustment' were dependent patient variables. The factor 'experience' was a 
dependent operator variable. 
The levels of the considered factors were as follows: 
- restoration: 0,1 or 2 abutment teeth to be restored 
- operator: operators 1 to 5 
- type of bridge: type 1 to 3: Rochette bridge, modified Rochette bridge, 
Maryland bridge 
- type of resin: type 1 to 4: Clearfil F (Cavex/Kurary, The Netherlands; 
Silar (3M, USA); Panavia Ex (Cavex, Kurary, The Netherlands); Con-
clude (3M, USA) 
- location: maxilla, mandible, anterior, posterior 
- occlusal adjustment: yes or no 
- tooth preparation: yes or no 
- experience of the operator 
level 1:1-5 adhesive bridges inserted in the study 
level 2: 6-20 adhesive bridges inserted in the study 
level 3: more than 20 bridges inserted in the study. 
5.1.2.6 Statistical methods 
For a simultaneous analysis of the treatment times in relation to the factors 
which may have an influence, an analysis of variance (ANOVA) was used. For 
a proper use of the ANOVA a (roughly) normal distribution of the treatment 
time is required. Due to the skew-distribution of the treatment time a log-
transformation was necessary to satisfy this condition. 
Analyzing the treatment time using ANOVA after log-transformation has the 
following consequences: 
(1) Direct interpretation of the mean values calculated after log-transforma-
tion is not possible. Re-transformation (antilog) results in the geometri-
cal mean, which is in this situation an estimation of the median of the dis-
tribution of the treatment time. For convenience the calculated means are 
presented as (an estimation of) the median. 
(2) Differences in treatment time after log-transformation are to be interpre-
ted as relative differences between treatment times. The residual standard 
deviation in the ANOVA's may be interpreted as the residual coefficient 
of variation (%) i.e. the percentage of the median treatment time which is 
due to random fluctuations. 
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(3) In order to evaluate the factors which influence the treatment time, the 
median treatment times are presented as references. The symmetrical 
95% intervals of the log-transformated treatment time are retransformed 
into a-symmetrical 95% intervals using antilog. The arithmetical means 
of the treatment time are also presented because of its relevance in the 
dental practice. The percentage explained variance will be presented to 
give an impression of the combined influence of factors. 
The calculation of the treatment time is based on the bridges of all five opera-
tors. The analysis of variance is based on the material of the operators 1,2 and 
3, because the other two operators did not exceed experience level 2. 
5.1.3 Results 
The mean treatment time, median treatment time and 95% intervals of each 
single session and of the total procedure are presented in table 5-2. A subdivi-
sion is made regarding 'yes' or 'no' restorations. 
Table 5-2 Mean treatment time, median treatment time and 95% intervals 
for each single session and total procedure subdivided for restorations (in minu-
tes). 
session 
I 
II 
III 
I + II + III 
no rest. 
rest. 
no rest. 
rest. 
no rest. 
rest. 
N 
103 
46 
103 
46 
145 
60 
83 
mean 
20.3 
43.8 
35.6 
41.8 
8.3 
60.7 
83.5 
median 
18.8 
42.0 
34.3 
40.1 
7.0 
58.4 
80.6 
95% interval 
8.4 - 41.7 
22.9 - 76.8 
19.6 - 60.0 
22.7 - 71.0 
2.2 - 21.8 
33.2 - 102.7 
47.3 - 137.2 
(Differences in N are caused by missings) 
It was found that some of the factors which were expected to have influence 
on the treatment time did not show an effect. The factors which had no effect 
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on the treatment time were: (1) the type of adhesive bridge, (2) the luting resin 
used for cementation, and (3) the location of the adhesive bridge. 
The effect of 'restoration' on the treatment time is presented in table 5-3. A 
significant effect (p < 0.001) was found when restorations were made in the 
first session. 
Table 5-3 Percentual differences of the median treatment time of session 1 
and session 2 to the number of restored abutments in that session. 
restored abutments session 1 session 2 
N % N % 
0 
1 
2 
median (minutes) 
level of significance 
89 -22 
24 52 
11 64 
24.0 
90 -2 
28 4 
17 6 
37.7 
*** ρ < 0.001 
not significant 
Table 5-4 Percentual differences of the median time in relation to the opera­
tor. 
operator 
1 
2 
3 
median (minutes) 
level of significance 
*** ρ < 0.001 
not significant 
session 1 
N % 
67 0 
27 1 
30 0 
24.0 
session 2 
N % 
73 -2 
28 12 
34 -6 
37.7 
.·:-*«· 
session 3 
N 
69 
28 
35 
% 
- 8 
40 
-16 
6.9 
;;- ;;. :;-
Compared to 'no restoration' the median treatment time of session 1 increased 
with 74% in case one abutment tooth was restored and with 86% when two 
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abutment teeth were restored. The effect of 'restoration' in the second session 
was not significant. 
The operator effect on the treatment time is presented in table 5-4. A signifi-
cant operator effect was seen in session 2 and session 3 (p < 0.001). No opera-
tor effect was found in session 1. 
The effect of the 'experience' level on the treatment time is presented in table 
5-5. The experience effect was significant for all sessions (p < 0.001). Compa-
red to 'experience level 1 ' the median treatment time of session 1 and session 2 
decreased at 'experience level 3' with 30 to 35 percent. The median treatment 
time of session 3 decreased with 6 percent. 
Table 5-5 Percentual differences of the median treatment time in relation to 
the experience level of the operator. 
experience level 
1 
2 
3 
median (minutes) 
level of significance 
session 1 
N % 
12 19 
55 12 
57 -16 
24.0 
::-::-* 
session 2 
N 
14 
58 
63 
37.7 
=:-::<-
% 
20 
9 
-12 
session 3 
N % 
14 4 
59 0 
59 -2 
6.9 
¡ К · * 
··-** ρ < 0.001 
Table 5-6 Percentual differences of the median treatment time of session 1 
and session 2 to tooth preparation (session 1) and occlusal adjustment (session 
2). 
factor 
tooth preparation 
session 1 
occl. adjustment 
session 2 
N % 
yes 
no 
median (minutes) 
level of significance 
51 8 
73 -6 
24.0 
N % 
59 9 
76 -7 
37.7 
::-*::-
ρ < 0.01 
ρ < 0.001 
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The effect of 'tooth preparation' (session 1) and 'occlusal adjustment' (session 
2) are presented in table 5-6. Tooth modification (p < 0.01) and occlusal 
adjustment (p < 0.001) had both a significant effect on the respective treat-
ment time. The median treatment time increased with approximately 15 per-
cent in case these procedures were actually carried out. 
The explained variances and residuals of the analysis of variance are shown in 
table 5-7. All sessions showed considerable unexplained coefficients of varia-
tion (24-43%). 
Table 5-7 Explained variance and residuals in the analysis of variance. 
session explained variance (%) residual coeff. of variation (%) 
1 64 33 
2 38 24 
3 43 43 
5.1.4 Discussion 
The mean treatment time to accomplish the clinical procedures in the fabrica-
tion of an adhesive bridge was 60.7 minutes. As seen in tables 5-2 and 5-3 the 
factor 'restoration' had a significant influence on the treatment time of session 
1 and on the total treatment time. When restorations were made in session 1 
the mean treatment time increased with 30% of the total treatment time (23.5 
minutes). In most cases the restorations made in the first session were located 
approximal. The conclusion should be that making approximal restorations in 
abutment teeth of adhesive bridges has to be recognized as an extra procedure 
influencing the fee. 
The factor 'operator' had a significant effect on the treatment 'time of session 
2 and 3. This effect is well known from other studies concerning treatment 
time of restorative procedures1,2. 
A significant influence on the treatment time of all sessions was also found for 
the factor 'experience': the treatment time decreased when more experience 
was present with up to approximately 30 percent. Also the operator without 
experience at the beginning of the study (operator 2) appeared to be the 'slo-
west' operator. 
Although the factors 'type of bridge' and 'location' showed no influence on 
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the treatment time, the (strongly dependent) factor 'tooth reparation' did have 
a significant influence on the treatment time of session 1. 
The various setting times of the luting resins (2-8 minutes) did not effect the 
treatment time significantly. 
The influence of the factor Occlusal adjustment' on the median treatment time 
of the second session was significant. In terms of efficiency the influence of 
this factor may be reduced in case the occlusal adjustments are prevented by a 
proper occlusal analysis. 
The residual coefficient of variation is most interesting for time planning in 
the dental practices. Unfortunately the residual variance is substantial. A pos­
sible explanation for this variation might have been found in some not-measu­
red patient and operator factors. A certain amount of experience seems to be 
necessary to help the general practitioner to control this variance in order to 
make an efficient planning. 
5.1.5 Conclusions 
The mean total treatment time for the fabrication of an adhesive bridge (which 
took 3 sessions) was approximately 1 hour. The treatment time was signifi­
cantly increased in case restorations had to be made in the first session. 
Influence on the treatment time was also seen by the factors Operator', 'expe­
rience', 'tooth preparation' and 'occlusal adjustments'. 
However, all sessions showed considerable unexplained coefficients of varia­
tions which might be related to some not-measured patient factors. 
5.1.6. References 
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5.2 Considerations with respect to a cost benefit analysis 
5.2.1 Introduction 
One of the advantages of adhesive bridges suggested by several investigators is 
the reduced cost for this treatment compared to a conventional bridge. 
However, more important than the cost factor is the fact whether the produc-
tivity is better or not. To be an economic success there is a need for an equal or 
even higher productivity of adhesive bridges compared to conventional brid-
ges. 
5.2.2 Efficiency and effectivity 
The productivity of a dental restoration procedure is directly related to both 
the benefit (effectivity) of the restoration and the efficiency (reversely propor-
tional to the cost) of the restoration procedure. 
The benefit of a dental treatment may be considered as its service, which is a 
combination of function, convenience and durability. Assuming that function 
and convenience of adhesive bridges and conventional bridges are equal, the 
difference in benefit is caused by the difference in durability. 
The cost of prosthetic dental treatments depends on: (1) the dentist fee, and (2) 
the expenses for the dental laboratory. In many western countries both the 
dentist fees and the laboratory fees are regulated in one way or another. In 
case the fees are regulated, the efficiency (which is the inverse of the cost) may 
be calculated in an easy way. 
In the Dutch situation both the dentist fees and dental laboratory fees are 
regulated and prescribed by law (COTG1, VLHT2). 
According to the directives for the Dutch situation the ratio of the costs of an 
adhesive bridge"" and a comparable conventional bridge"""" vary from 1 to 4 
approximately. This means that the efficiency of an adhesive bridge is up to 
four times better than that of a conventional bridge. 
In case the fees are not prescribed by any organisation or government the effi-
ciency is difficult to determine. Dentist fees based on treatment times show a 
great variation since the treatment times of an adhesive bridge vary substan-
tially (33-103 minutes, section 5.1). 
3 unit adhesive bridges, non-precious framework/acrylic tooth. 
3 unit conventional bridges, porselain fused to metal, hihg silver palladium alloy. 
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5.2.3 Productivity 
Productivity can be computed on the basis of benefit and cost by comparing 
them to a reference3: 
Productivity (real) = Productivity (reference) χ Effectivity χ Efficiency 
benefit (real) χ cost (reference) 
Productivity (reference) χ 
benefit (reference) χ cost (real) 
Equal productivity of adhesive bridges (ab) compared to conventional bridges 
(cb) is achieved in case 
Productivity(
a
b) 
Productivity (tb) 
Since the efficiency of adhesive bridges (ab) and conventional bridges (cb) is 
directly proportioned by the durability the formula for productivity is: 
n
 , . . η j · · (durability(аь) x cost,,,,) Productivity^!,) = Productivity (tb) x 
durability(lb) χ costai,) 
This means that equal productivity is achieved if 
ι ui- ι us durability
 (tb) x costal durability (ab) = 
COSICI,; 
With respect to this formula the durability (lifetime expectation) needed to 
achieve equal productivity may be calculated for any particular adhesive brid­
ge. In oral health one has to compare means of durability values (lifetime 
expectations) as to give a prognosis for the productivity. 
With respect to the durability of the reference (i.e. the durability of the con­
ventional bridge) the data reported are conflicting. Voss4 reported that the 
average lifetime was 20 years while Schwarz' found an average survival time of 
13 years. Meeuwissen6 reported that 15 percent of the bridges needed re-treat­
ment in a period of 20 years. The study of Riieger7 shows a 65 percent survival 
after 18 or more years and Schärer8 postulated that the 'half lifetime' of con-
ventional bridges is in the range of 20 to 25 years. Recent results suggest a life-
time expectation for conventional bridges of 20 years9. 
The information about the durability of adhesive bridges is also conflicting 
and still preliminary. An overview of clinical studies concerning the survival 
rates of adhesive bridges has been presented in tabel 3-19. The success rates are 
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ranging from 35 percent after 2.7 years up to 85 percent after seven years for 
macromechanical retained adhesive bridges and from 70 percent after 0.5 years 
up to 100 percent after one year for acid-etch metal retainers Kerschbaum et 
al 10 estimated a 'half lifetime' of approximately 5 years The results of the 
study presented in chapter 3 show an overall success rate of 86 percent and a 
success rate of 92 percent for micromechamcal retainers after a period of 2 
years (chapter 3, this thesis) 
5.2.4 Discussion 
The productivity of a product can be computed by comparing it to a reference 
It can be determined in case the cost and the benefit of both the product and 
the reference are known. In comparing adhesive bridges to conventional brid­
ges there are some unknown and variable factors: the factor cost is variable and 
often depends on national agreements while the factor benefit (i c. durability) 
has to be based on conflicting data However, it is possible to estimate the pro­
ductivity by calculating the cost for a particular situation while assuming a 
certain durability on the basis of an estimation 
Figure 5-1 gives a graphical representation of the relationship between durabi­
lity and cost for a constant productivity. The line a-b represents the ratio of 
cost and durability for a certain constant productivity of the reference (Pro-
durability 1 
A b 
s ^ В 
a
 cost 
Figure 5-1 Graphical representation of the relationship of durability and cost 
for a certain constant productivity 
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ductivity(
rea
[): Productivity(
re
f
crence
) = 1). The field A represents a higher pro­
ductivity when compared to a reference while the field В represents lower 
productivity. 
The incline (a) of the line a-b is directly related to the durability and cost of 
the reference. A decrease of the durability of the reference results in an 
increase of the area for higher productivity. 
Figure 5-2 gives a projection of some durability data from the literature in the 
graphical representation of figure 5-1. 
For the Dutch situation the cost is in a ratio of A:C = 1:4. The lines a-b¡ repre-
sent the productivity of conventional bridges on basis of the studies of 
Schwartz5, Schärcr8 and Kerschbaum et al.9 
durability (years) 
20 
1 0 -
cost 
A-adhesive bridge C»conventional bridge 
M »maximum durability reported tor adhesive bridges 
in clinical studies 
Figure 5-2 Durability data from the literature projected on the graphical 
representation of the relationship of durability and cost for a certain constant 
productivity. 
The points 1 and 2 represent the lifetime expectations needed for adhesive 
bridges to achieve equal productivity when compared to durability data of 
conventional bridges. This means, for instance, that a 'half lifetime' of 5 years 
is needed for adhesive bridges to achieve equal productivity as for the conven-
tional bridges in the studies of Schärer and Kerschbaum et al. According to the 
studies of Belser and Mannello12 and Williams et al.13 the 'half lifetime' of 
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adhesive bridges is more than 5 years, while the study of Kerschbaum et al. 
indicates a 'half lifetime' expectation of 5 years. A projection of these studies 
in the figure 5-1 results in a location in the field of higher productivity. The 
other studies depicted in table 3-19 are too preliminary to estimate the 'half 
lifetime' for adhesive bridges. The study of Eshleman et al.1'indicated a 'half 
lifetime' of less than 2.7 years and consequently a lower productivity than the 
conventional bridges of lines a-b! and a-b2. 
5.2.5 Conclusions 
Despite the fact that a number of factors in the cost benefit analysis are 
unknown or difficult to compare it may be concluded that the productivity of 
adhesive bridges is in general comparable to the productivity of conventional 
bridges. The information about the lifetime expectations of both the restora-
tions indicates equal productivity for the Dutch situation. However, a number 
of data is preliminary and longer evaluation is necessary to support this state-
ment. The productivity calculation of adhesive bridges as given in section 
5.2.3 is only a part of reality. An important consideration in the cost benefit 
analysis is the oral situation after failure of the bridge, which is in favour of the 
adhesive bridge. Due to biological effects the 'rest-value' of the abutment 
teeth may be substantially decreased after failure of a conventional bridge9,14. 
There are more factors which were not considered, such as the social cost for 
the patient (to go to the dentist, wait and be treated) and psychological aspects 
(chance for dislodgement, patients satisfactory). With respect to these social 
and psychological dimensions more research has to be done. A part of the 
remaining questions is incorporated in the design of this study and may be 
reported in a later stage. 
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6 General discussion, 
conclusions and recommendations 
In the previous chapters of this thesis some specific problems related to adhe-
sive bridges were discussed. The selection of the topics of attention was based 
on both dental health aspects and economical aspects. The study was focussed 
on simple adhesive bridges which means leaving the abutment teeth as intact 
as conditions permit. In this chapter some general points of interest and their 
interrelationship will be discussed. 
The major part of this thesis is dealing with adhesive bridges in-vivo. 
Although the patient selection was not as selective as proposed by other inves-
tigators and additional retention by means of abutment tooth preparations 
was avoided, the retention rates of the adhesive bridges in this study were 
satisfactory. The experimental variables ((1) type of bridge, (2) cementation 
material and (3) operator) did not show significant influence on the retention 
rate during the observation period. The number of dislodgements was too 
small to make a statistical discrimination. However, the evaluation of the fai-
lure characteristics showed the cementation material and the bonding at the 
resin-retainer interface to be susceptible to failure. Since only seven percent of 
the failures occurred at the resin-enamel interface, improvements of the sys-
tem should be made primarily in the field of the cementation material and in 
the development of a better resin-retainer bond. 
The clinical procedures as described in section 3.1.2.8 are considered to be 
adequate with respect to the bond at the resin-enamel interface. The results of 
the studies presented in the sections 2.3.2, 3.5 and 3.6 indicate that composite 
restorations in the abutment teeth do not affect the bond at the resin-enamel 
interface. 
The evaluation of the co-variables showed no relationships between the co-
variables (mobility, restoration level, length of the bridge and occlusion) and 
the short-time retention rate for adhesive bridges except for the variable 'loca-
tion in the dental arch'. Although this relationship is not proved to be causal, 
further attention has to be paid to posterior bridges. A probable reason for the 
low retention rate of posterior bridges might be found in the design of these 
bridges. Further research, including basic biomechanical research, is necessary 
to improve the success rate for posterior bridges. 
Concerning the pontic fractures a relationship was found with the variable 
Occlusion on the pontic'. A proper design of the pontic, by avoiding overloa-
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ding of the pontic, is recommended to decrease the failure chance. Improve-
ments of the bond between the acrylic pontic and the metal frame is conside-
red to be necessary. However, since failure occurs at the weakest link of the 
system, an improved bond between pontic and metal frame might result in an 
increase of other failure causes, such as dislodgement of the bridges. 
Rebonded bridges appeared to tend to recidivism: 60 percent of the rebonded 
bridges dislodged again within 9 months. It is unknown at this moment whe-
ther this is a result of deterioration of these bridges or a result of unrecognized 
patient effects. However, dislodged bridges should be examined carefully 
before rebonding and precautions in terms of additional retention is recom-
mended in these cases. 
With respect to the previously mentioned biological and economical aspects 
two items have been subject for special attention: (1) overcontouring by adhe-
sive bridges and (2) a cost-benefit analysis. The results of the study described 
in chapter 4 indicate that a design which involves overcontouring of the abut-
ment teeth (as used in this study) is acceptable in case proper oral hygiene is 
performed. The cost-benefit analysis as described in chapter 5 indicates, that 
the productivity of adhesive bridges and conventional bridges is comparable. 
A number of variables mentioned in the design of the study were not evalua-
ted in this study. These variables, such as the patients own judgement, will be 
evaluated separately from this thesis. 
Further follow-up of the material, as described in the design of the study, is 
considered to be essential to collect more longitudinal data. Reliable longitu-
dinal data are necessary for future developments of the adhesive bridge con-
cept. 
124 
Summary 
Chapter 1 is a general introduction in the problemfields of adhesive bridges. It 
gives a short historical overview concerning the developments in adhesive 
bridges leading to a limitation of the field of research : the cast metal adhesive 
bridge. 
The relevance of the study is based on both economical and biological consi-
derations. 
A short introduction of the problemfields is given with the purpose to under-
stand the objectives of this study more easily. The main objective of the study 
was to investigate the influence of relevant oral factors on the behaviour of 
adhesive bridges under clinical conditions and to explore the influence of 
some factors of potential importance. 
The study is based on a brigde design which leaves the abutment teeth as intact 
as conditions permit. Designs in which major tooth preparations are requested 
are avoided in this study. 
In chapter 2 the problemfields in adhesive bridges are further discussed. The 
literature is screened on data concerning: (1) the bonding agents, (2) the bon-
ding at the resin enamel interface and (3) the bonding at the resin metal interfa-
ce. Furthermore, some attention is paid on the design of adhesive bridges. 
The suitability of an adhesive bridge luting resin is related to the method of 
retention of the adhesive bridge. In general, the especially developed luting 
resins for microchemical adhesive bridges are unsuitable for macrochemical 
retainers because of their low wear resistance. Conventional composite resins 
are considered to be suitable in macromechanical retainers because they show 
best mechanical properties. A disadvantage of these composite resins is the 
relatively short manipulation time. This may cause problems for the unexpe-
rienced operator and may result in decreased mechanical properties. 
The bondstrength of adhesive bridge luting cements to the abutment teeth 
might be influenced by the presence of restorations in the abutment teeth. 
However, the results of this study presented in section 2.3.2 showed that the 
bond between restoration materials and luting cements as used in the clinical 
study may be considered as sufficient. 
A comparison between the micromechanical retention system used in the cli-
nical study (etching/Clearfil F) and three other micromechanical retention 
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systems showed the etching/Clearfil F system to have relatively low tensile 
bondstrength values. 
Chapter 3 is dealing with the clinical performance of adhesive bridges. In the 
first part of this chapter attention is paid to some methodological aspects of 
clinical trials. 
A total of 213 bridges was inserted in 191 patients following standardized pro-
cedures. The patient sample is described in section 3.2. Two experiments were 
performed to evaluate the influence of three experimental variables: (1) the 
type of bridge, (2) the cementation material and (3) the operator. The evalua-
tion of patient dependent co-variables is presented in section 3.5. 
During the evaluation period (2.9 year) there were 28 dislodgements and a 
total of 20 pontic fractures was detected. Although different retention rates 
were found, a significant relationship was not found with respect to the expe-
rimental variable. The number of dislodgements was to small to permit a valid 
statistical discrimination within the experiments. 
The co-variable tested in this study showed no significant influence on the 
short-term retention rate of adhesive bridges with exception of the variable 
'location in the dental arch'. Posterior bridges show up the worst prognosis 
while anterior bridges reveal the best results. The evalation of the failure cha-
racteristics showed that the major part of the dislodgements was due to failure 
at the resin/retainer interface or cohesive fracture of the resin cement. Failure 
at the resin/enamel interface was only seen in 2 cases. From this evaluation it 
may be concluded that the clinical procedures with respect to the bonding at 
the tooth surface were satisfactory. 
Rebonded adhesive bridges showed a significant higher failure rate then origi-
nal bonded adhesive bridges. The failure rate of rebonded bridges was about 
60 percent within a period of 0.8 year. 
The number of pontic fractures (n = 20) was substantial. Evaluation of the 
pontic fractures showed a relationship between Occlusion on the pontic' and 
pontic fracture. The high number of pontic fractures might also be related to 
the fabrication of the pontic, in which a prefabricated acrylic tooth was poly-
merized to the metal framework. 
Chapter 4 is a study of the effect of overcontouring in adhesive bridges. The 
design of the adhesive bridge as used in the trial implies overcontouring of the 
abutment teeth. The purpose of this study was to collect information on pla-
que accumulation and gingival health related to overcontouring by adhesive 
bridge retention wings. 
For this purpose a modified adhesive bridge (MAB) with standardized over-
countouring was inserted at central and lateral maxillary incisors of 10 dental 
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students. The incisors with the MAB were designated as experimental sides 
and compared with the contralateral sides. PlI (Silness & Löe) and PBI (Saxer 
et al.) measurements were done during a period of usual oral hygiene procedu-
res (period I) and during a period of no oral hygiene procedures in the maxil-
lary front region (period II), each lasting for 10 days. During period I there 
was a tendency of increased plaque accumulation on the lingual sites of the 
experimental group. More plaque accumulation was seen at the connector 
between the two retention wings than at the cervical overcontouring. Diffe-
rences in mean PBI's of experimental and control groups were not significant 
during period I. During period II an increased gingival reaction was seen at the 
connector site of the MAB. 
The findings of this study suggest that from a periodontal point of view there 
is no need for tooth modifications of abutment teeth for adhesive bridges in 
order to avoid overcontouring. 
An important factor in the success of an innovation is the economic acceptabi-
lity. The adhesive bridge is a relative new product on the dental market. The 
costs of it depends on the dentist fee and the expenses for the dental laborato-
ry. The fee of the dentist is based primarily on the treatment time. The study 
presented in section 5.1 was performed (1) to collect information about the 
mean treatment time needed to accomplish the clinical procedures in applying 
adhesive bridges and (2) to get insight in the factors which influence the treat-
ment time. A total of 151 patients needing one adhesive bridge was selected 
from the clinical trial for this study. 
Clinical procedures were carried out following a written protocol. The statis-
tical method consisted of an ANOVA after log-transformation of the treat-
ment times. The total mean treatment time needed to accomplish the clinical 
procedures in adhesive bridges was 60.7 minutes (S.D. ± 16.5 min.). The mean 
treatment time increased with 30% in case the abutment teeth were restored 
with class II or class III restorations. No influence was found for: (1) 'type of 
bridge' (i.e. macromechanical vs. micromechanical), (2) 'type of luting resin' 
and (3) 'location of the bridge'. A significant effect on the treatment times was 
found for: (1) 'operator', (2) 'tooth preparation' and (3) Occlusal adjust-
ments'. With increasing experience of the operator the median treatment time 
decreased with up to 35%. The data from this study are considered as useful 
basic information for (1) efficient planning, (2) insurance companies and (3) 
further cost-benefit analysis. 
However, more important than the cost factor is the fact whether the produc-
tivity is better or not. The productivity of a dental restorative procedure is 
directly related to both the benefit (effectivity) of the restoration and the effi-
cience (reversely proportional to the cost) of the restoration procedure. In sec-
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tion 5.2 a method is described in which the productivity of conventional brid-
ges is compared to that of adhesive bridges. The information about the life 
time expectation of both the restorations indicates equal productivity for the 
Dutch situation. Equal productivity is achieved in case the half-life time of 
adhesive bridges is five year. 
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Samenvatting 
Hoofdstuk 1 geeft een algemene inleiding in de problematiek van de adhae-
siefbrug. Nadat een kort historisch overzicht is gegeven over de ontwikkeling 
van de adhaesiefbrug wordt het terrein van onderzoek beperkt tot de gegoten 
adhaesiefbrug. De relevantie van de studie is gebaseerd op zowel biologische 
als economische overwegingen. Vanuit de verschillende probleemvelden die 
samenhangen met de adhaesiefbrug wordt de doelstelling verder toegespitst. 
Het hoofddoel van de studie is na te gaan welke factoren een rol spelen bij het 
klinisch gedrag van de adhaesiefbrug. Een tweede doel is inzicht te verkrijgen 
in de overlevingskansen van adhaesicfbruggen. Het onderzoek wordt daarbij 
beperkt tot zogenaamde 'eenvoudige' adhaesicfbruggen. Adhaesicfbruggen 
waarbij uitgebreide preparaties aan de pijlerelementen of complexe procedu-
res noodzakelijk zijn worden buiten beschouwing gelaten vanwege eerder 
genoemde biologische en economische overwegingen. 
In hoofdstuk 2 wordt nader ingegaan op de probleemvelden die samenhangen 
met adhaesicfbruggen. Vanuit de literatuur zijn gegevens verzameld omtrent 
(1) de composiet cementen, (2) de hechting van deze cementen aan de pijlere-
lementen en (3) de hechting van composiet cementen aan het metalen frame. 
Tevens wordt aandacht besteed aan het ontwerp van de adhaesiefbrug. 
Belangrijke criteria voor adhaesiefbrug cementen zijn: (1) een grote trek-
sterkte van het materiaal, (2) een geringe filmdikte en (3) een goede hechting 
aan zowel tandglazuur als aan metaal. Vanuit theoretisch oogpunt zijn con-
ventionele composieten vooral geschikt voor toepassing in combinatie met 
macro-retentieve adhaesicfbruggen. Speciale adhaesiefbrug cementen zijn 
geschikter voor het cementeren van micro-retentieve adhaesicfbruggen. Bij de 
hechting van adhaesiefbrug cementen aan de pijlerelementen kunnen (al dan 
niet) aanwezige restauraties in de pijlerelementen een rol spelen. Het in para-
graaf 2.3.2 beschreven in-vitro experiment toonde aan dat voldoende hechting 
kan worden verkregen met de in het klinisch onderzoek gebruikte procedures 
en materialen. 
Uit een vergelijking met andere micro-mechanische retentie principes bleek 
dat de in het klinisch onderzoek gebruikte combinatie (etsen/Clearfil F) rela-
tief lage waarden voor treksterkte te zien gaf (paragraaf 2.4). 
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In hoofdstuk 3 is het onderzoek beschreven naar het klinische gedrag van 
adhaesiefbruggen. Het eerste gedeelte van dit hoofdstuk is gewijd aan de 
methodologische aanpak. Verdeeld over 2 experimenten zijn bij 191 patiënten 
in totaal 213 adhaesiefbruggen onder gestandaardiseerde omstandigheden 
geplaatst. Een uitgebreide beschrijving van het patiëntenbestand is te vinden in 
paragraaf 3.2. 
Naast onderzoek naar de invloed van 3 experimentele variabelen, te weten (1) 
het type adhaesiefbrug, (2) het cementeer materiaal en (3) de operateur op het 
klinische gedrag van adhaesiefbruggen, is nagegaan wat de invloed is van 
enkele patiëntgebonden co-variabelen. 
Gedurende de onderzoeksperiode (2.9 jaar) zijn in totaal 28 adhaesiefbruggen 
losgeraakt en werd bij 20 adhaesiefbruggen een fractuur van de pontic gecon-
stateerd. Ofschoon er sprake was van verschillende succespercentages voor de 
verschillende experimentele variabelen, kon er geen verband aangetoond wor-
den. Het aantal mislukkingen bleek hiervoor te gering te zijn. 
Uit de evaluatie van de co-variabelen bleek dat er een relatie bestaat tussen het 
aantal mislukkingen en de locatie van de adhaesiefbrug. Het hoogste misluk-
kingspercentage werd gevonden voor adhaesiefbruggen die in de zijdelingse 
delen werden vervaardigd. Voor de co-variabelcn restauraties in de pijlerele-
menten, mobiliteit van de pijlerelementen, lengte van de brug en occlusie werd 
geen relatie met het mislukkingspercentage waargenomen. 
Uit de evaluatie van de faalkenmcrkcn bleek dat slechts een klein percentage 
(7%) van de mislukkingen te wijten was aan het losraken van de hechting aan 
de pijlcrelementen. Hieruit kan afgeleid worden dat de klinische procedure, 
zoals toegepast voor wat betreft de hechting aan de pijlerelementen, als 'goed' 
gekwalificeerd mag worden. 
Eenmaal losgeraakte bruggen bleken na het plaatsen een verhoogde kans op 
opnieuw losraken te hebben. De herplaatste adhaesiefbruggen gaven een mis-
lukkingenpercentage van ± 60 percent te zien binnen 0.8 jaar. 
Het aantal ponticbreuken was aanzienlijk. Er kon een verband aangetoond 
worden tussen occlusie op de pontic en ponticbreuk. Naast occlusie op de 
pontic, worden de in dit onderzoek gevolgde laboratoriumprocedures als een 
mogelijke oorzaak van het onverwacht hoge aantal ponticbreuken 
beschouwd. 
In hoofdstuk 4 is een klinisch experimenteel onderzoek naar het effect van 
overcontouring door adhaesiefbruggen beschreven. Overcontouring treedt 
altijd op indien de in hoofdstuk 3 beschreven ontwerpprocedure (géén of 
slechts geringe preparatie van het pijlerelement) wordt gevolgd. Vanuit de lite-
ratuur is bekend dat kronen met overcontouring aanleiding kunnen geven tot 
een verhoogde plaque accumulatie en een negatief effect kunnen hebben op de 
gingivale gezondheid. 
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Het doel van deze studie was om na te gaan welk effect overcontouring bij 
adhesiefbruggen heeft met betrekking tot plaque accumulatie en gingivale 
gezondheid. Daartoe werd op centrale en laterale bovenincisieven van 10 
proefpersonen (studenten tandheelkunde) een gemodificeerde adhesiefbrug 
(MAB) geplaatst met een gestandardiseerde overcontouring. De incisieven 
met de MAB werden aangewezen als experimentele elementen en vergeleken 
met de contralaterale elementen (controle elementen). Gedurende een periode 
van 10 dagen met 'normale' mondhygiëne (I) en een periode van 10 dagen 
waarin geen mondhygiëne werd uitgevoerd in het betreffende gebied (II), 
werden Plaque Index en Papillaire Bloedings Index metingen verricht. In 
periode I (poetsperiode) werd een tendens naar verhoogde plaque accumulatie 
op de linguale vlakken van de experimentele elementen waargenomen. Ver-
hoogde plaque accumulatie was vooral zichtbaar aan het einde van de periode, 
ter plaatse van het soldeergebied. Ter plaatse van de cervicale overcontouring 
waren geen significante verschillen aantoonbaar. Tijdens periode II (geen 
mondhygiëne) was er sprake van een verhoogde gingivale reactie bij sonde-
ring, ter plaatse van het soldeerpunt van de MAB. 
Uit de resultaten van het onderzoek blijkt dat de gingiva gezondheid bij nor-
male mondhygiüne controleerbaar blijft bij incisieven met een MAB. De 
noodzaak om pijlerelementen te beslijpen ten einde een gelimiteerde overcon-
touring te voorkomen, lijkt vanuit parodontaal oogpunt niet aanwezig. 
Een belangrijke factor in het succes van een nieuw product is de economische 
haalbaarheid. De adhaesiefbrug is een relatief nieuw product op de tandheel-
kundige markt. De kosten ervan hangen nauw samen met het tandartshonora-
rium. In veel gevallen is het tandartshonorarium gebaseerd op de tijd die aan 
een bepaalde handeling besteed wordt. 
In hoofdstuk 5 is beschreven hoeveel tijd er nodig was voor de vervaardiging 
van een adhaesiefbrug (stoeltijd) en welke factoren hierop van invloed waren. 
De gemiddelde stoeltijd, bestaande uit 3 zittingen, bedroeg ongeveer 60 minu-
ten. Indien er in de eerste zitting restauraties in de pijlerelementen vervaardigd 
moesten worden, dan nam de stoeltijd met ruim 30 procent toe. 
Zoals beschreven in andere studies naar de werktijden voor restauratieve pro-
cedures, bleek ook hier dat de gemiddelde stoeltijd afhankelijk was van de 
operateur. Naarmate er meer ervaring werd opgebouwd nam de gemiddelde 
stoeltijd af. De verschillende uithardingstijden van de composietcementen (2-
8 minuten) bleken evenals de factoren 'brugtype' en 'locatie van de brug' geen 
invloed te hebben op de gemiddelde stoeltijd. Vierentwintig tot drieenveertig 
procent (afhankelijk van de zitting) van de variaties in de stoeltijd konden niet 
verklaard worden. Deze variaties zijn waarschijnlijk een gevolg van enkele 
niet-gemeten patiënt variabelen. 
131 
Belangrijker nog dan het kosten-vraagstuk, is de vraag naar de productiviteit. 
De productiviteit wordt bepaald door de kosten en de baten van een bepaald 
product te vergelijken met een ander product. In paragraaf 5.2 is een methode 
beschreven waarin de productiviteit van de adhaesiefbrug wordt vergeleken 
met die van de conventionele brug. De productiviteit van beide voorzieningen 
is afhankelijk van de kosten en van de levensduur. Het blijkt dat er voor een 
gelijke productitiveit, in de Nederlandse situatie, een minimale halfwaardetijd 
van vijf jaar noodzakelijk is voor de adhaesiefbrug (minder dan 50% misluk-
kingen in vijf jaar). 
Het merendeel van de in de literatuur beschreven onderzoeken wijst erop dat 
dit criterium haalbaar is. 
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Appendix 1 
Clinical study on adhesive bridges - criteria for patient selection. 
Information for all participants. 
- Target group: patients who need or want replacement of missing teeth or 
closure of diastema by means of an adhesive bridge. 
- Criteria for entering the study : 
1 the patient agrees with the trial protocol by means of a freely-given 
informed consent 
2 the patient is healthy 
3 the patient has a well treated dentition and is able to show an accepta-
ble oral hygiene 
4 the patient meets all items of the indication criteria. 
- Indication criteria: 
1 open spaces as a result of missing incisors, cuspids, premolars or first 
molars; open spaces not wider than 2 teeth 
2 abutment teeth are sound or restored with standard restorations 
3 treatment with an adhesive bridge is not in conflict with the treatment 
plan for the whole dentition. 
- Contraindications: 
1 the need for another prosthetic device as treatment for the open space 
or abutment teeth (for instance the need for crowns) 
2 the need for extensive preparation (for instance in case of insufficient 
interocclusal space). 
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Appendix 2 
Onderzoek: Adhesiefbrug 
Identificatienummer 1 L ΤΊ-fölöl periode loQII 
9 = onbekend 
9 = onbekend 
goed | 1 
goed | 1 
weinig 1 1 
1 2 
1 2 
1 2 
| 3 
1 3 
1 3 
1 4 1 
1 4 ι 
1 4 1 
Onderzoeksgroep 
- Registratiedatum. 
- Geslacht: I = man 
2 = vrouw 
- Leeftijd in jaren: 
- Risicogroep: 1 = ja 
2 = neen 
- Parafuncties: 1 = ja 
2 = neen 
- Beroep : 
- Huispatient: 1 = ja 
2 = neen 
- Ingestuurd door: 
Klinische indruk 
- Mondhygiëne 
- Parodontale toestand 
- Occlusale slijtage 
Front relatie 
- 1 = normaal front contact 
2 = open beet overbite ί 3 itm 
3 =• open beet overbite > 3 im 
4 = diepe beet 
Uitneembare voorziening(en) 
- 1 = bovenkaak 
2 = onderkaak 
3 = onderkaak + bovenkaak 
4 • neen 
Door etsbrug op te vullen diasteem voorheen op gevuld door: 
- 1 = spoon 
2 = kunstharsplaat 
3 = frameprothese 
4 = etsbrug 
5 = anders 
6 = geen 
Figen opleiding - opleiding partner 
15 
Ifi 
22 
23 
25 
12ІАІОІІ 1 
D 
1 1 1 1 1 1 1 
D 
m 
D 
26 D 
27 Π 
28 Π 
slecht 
slecht 
veel 
29 D 
30 D 
31 D 
32 D 
33 1 
34 D 
35 m 
eerste onderzoek 
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Oiderzoek Adhesiefbrug 
Identificaticniinmer 1 I I I 
brugnr.—w -» - ' 
voorzieningnr 
I I I - lolol periode 10 | |_ 
/ 
kaartsoort 
12 |Alo|2| 
Registratiedatum 
Onderzoeksgroep 
15 
21 G 
DMFT 
1 regio 
2 regio 
3 regio 
4 regio 
5 regio 
6 regio 
17 t/m 14 
13 t/m 23 
24 t/m 27 
37 t/m 34 
33 t/m 43 
44 t/m 47 
22 
25 
28 
31 
34 
37 
— 23 
26 
29 
32 
35 
38 
— 
_ 
24 
27 
30 
33 
36 
39 
_ 
status 
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Onderzoek: Adhesiefbrug Per etsbrug één kaart kaartsoort 
Identificatienummer 1 I I I I I ! I l-Plöl 
Onderzoeksgroep 15 • brugnr. 
Te vervangen element(en) 
- elementnumner 
- elementnummer 
- !M istratiedatum: 
Pijlerelementen 
- elementnummer 
- gaafheid: 
1 = 
2 = 
3 -
4 = 
5 = 
6 -
7 -
8 = 
9 = 
gaaf 
restauratie buccaal 
restauratie mesiaal 
restauratie distaal 
restauratie 
restauratie 
restauratie 
restauratie 
restauratie 
- mobiliteit: 
1 = 
2 -
3 = 
4 = 
arpa 1 
arpa 2 
arpa 3 
neen (fysio: 
mesiaal + distaal 
palatinaal 
occlusaal 
occlusaal • 
occlusaal • 
Logisch) 
mesiaal 
distaal 
belasting 
1 » in occlusie 
2 • tijdens articulatie 
3 » occlusie + articulatie 
4 = neen 
elementnummer 
gaafheid: 
1 - gaaf 
2 = restauratie buccaal 
3 = restauratie mesiaal 
4 = restauratie distaal 
5 =• restauratie mesiaal + distaal 
6 • restauratie palatinaal 
7 • restauratie occlusaal 
8 • restauratie occlusaal + mesiaal 
9 = restauratie occlusaal + distaal 
mobiliteit: 
1 = arpa 1 
2 • arpa 2 
3 = arpa 3 
4 = neen (fysiologisch) 
belasting 
1 = in occlusie 
2 = tijdens articulatie 
3 • occlusie + articulatie 
4 • neen 
periode 1 0 Г П 1 2 | B I O | I | 
І б Ш 
і а Г П 
201 I I I I 
26 m 
28 Π 
29Π 
зО 
31 П И 
33 D 
3 4 θ 
3SD 
situatie 
leefti jd diasteem 
etiologie 
36 
37 
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Onderzoek Adhesiefbrug 
Identificaticnunmer 1 1 Ι Ι Ι Ι Ι Ι Ι - Γ Τ Ί periode Ю Г П 
plaatsen 
bruqnr. ƒ 
voorzieningnr. 
kaartsoort 
12 1С IQ II 
lype etsbrug 
Operateur 
Composiet 
Registratiedatun (dag, imd, jr) 
Pijlerelement 
- beslijpen (exclusief restauraties) 
1 * guiding plane 
2 = occlusale steun 
3 = guiding plane + occl. steun 
4 - neen 
- perforaties per extensie 
(noteer aantal per extensie) 
- belasting van extensie 
1 = in occlusie 
2 •= tijdens articulatie 
3 - occlusie • articulatie 
4 = neen 
- beslijpen van antagonisten 
1 = ja 
2 - neen 
Belasting pontic(s) 
1 - in occlusie 
2 - tijdens articulatie 
3 - occlusie + articulatie 
4 = neen 
- Werktijden (in minuten) 
- eerste zitting 
- tweede zitting 
- derde zitting 
Plaatsingscode 
0 - eerste brug 
1 = oude brug herplaatst 
2 = oude type (nieuw gemaakt) herplaatst 
3 = nieuw type geplaatst 
Laatste evaluatieperiode van dit type 
08 = n.v.t. 
00 = nieuw type 
55 = nieuw comp. 
01 = periode 1 
02 » periode 2 
24 m 
28 Π 
30 Π 
34 D 
4 = oude brug nieuw comp. 
5 = oud type nieuw comp. 
6 = nieuw type nieuw comp. 
«π 
leen 
26 m 
29 p 
31 Π 
33 Q 
35 • 
36 Π 
37 m 
39 Q X I 
"2 m 
44 Q 
45 GD 
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Onderzoek: Adhesiefbnig 
Identificatienmtrier 1 I I I I I I I I I I I 
brugnr. — » - ' | 
voorzieningnr. — 
kaartsoort 
periode 1 0 L U 1 2 І Р | О И I 
evaluatie η 
Regis t ra t ledattm (dag, imd, j r ) 
pijlerelement 
pijlerelement 
3. mobiliteit 
l=arpa I 
2=arpa II 
3=arpa III 
4=rysiologisch 
1. belasting 
bij contrôle 
na afloop 
l=occl. 
2=art. 
3=occl. + a r t . 
4=geeii 
3. extensie los 
1=ja 
2=neen 
.i. cariés 
l=ja 
2=neen 
extensie 
21 DU 
25 D 
27 D 
32 • 
37 D 
40 D 
28 Π 
33 • 
pij lerclcment 
23 D D 
26 • 
i s ι ι ι ι ι I I 
extensie pontic 
29Π 
3 4 0 
38 Π 
41 D 
зо Π 
35 Q 
31 D 
36 D 
39 Π 
plaque 
l'geen plaque 
2=allecn met sonde 
3=plaque zichtbaar 
4=veel plaque 
facetten 
l=ja 
2=neen 
42 Q 
45Π 
43 Q 
46 
Π 
44Q 
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Onderzoek: Adhesiefbrug 
Identificatienummer 1 l l l l l ΓΤ~)-ΓΠ1 
Registratiedatum LSI I I I I I 1 t 
periode 10 I I I 
kaartsoort 
12ІТГПТІ 
v o o r z i e m m n r . 
bruqnr. 
eval.ver. 
pijlcrclcment 
re in ig iti}; 
I •polijsten 
2=tandsteen verw. 
S^polijsten + tandsteen 
verw. 
4=neen 
pij lerelement 
24 Π 
29 D 
A B C 
antagonisten besiepen 
l= ja 
2=neen 
3-afwezig 
aanpassing verr icht 
A-beslijpen 
l'Tisen 
2-ja 
Imeen 
2=restauratie l ing./pal. vervangen 
3-restauratie ponticzijde " 
^•restauratie andere " 
S-meuwe restauratie ling./pal. 
6=nieuwe restauratie ponticzijde 
7-=nieuwe restauratie andere 
Spandere restauratie (zie journaal) 
1-neen 
verwijder d 
l^eenzijdig los 
2*resteureren 
3-pontic los 
4=andere aanpassing 
5=neen 
8=n.v.t. 
47 D 
25 Π 
pij lerelemait 
2 3 Γ Π 
26 Π 27 D 
pontic 
28θ 
32 Γ Τ Π 35 Œ H 
A B C 
зоп 
38 Γ Τ Π 
A B C 
31 Π 
41 
A B C 
44 
A B C 
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Conclus ie 4 8 D 
1-onderzoek wordt voortgezet 
2»onderzoek wordt voortgezet , brug wordt herplaatst 
Vonderzock wordt voortgezet met andere brug 
4=einde bruggen laten te vaak los 
5=einde p i j l e r s ongeschikt 
6=einde patiënt wil n i e t meer 
7-einde patient "lost to follow up" 
Indien etsbrug los of verwijderen noodzakelijk 
datum losraken 
9=onbekend 
49 
pnlerelement 
breukvlak 55 Π 56 
l=glazuur 
2=in comp. 
3=in comp, t.p.v. perforaties 
4-extensie 
5=niet vast te stellen 
6=verwijdering noodzakelijk 
T^breuk pijlerelement 
8=breuk etsbrug (metaal) 
9=onbekend 
vennoedelijke reden van los laten 57 LJ 
l=afbijten 
2"eten/kauwen 
3=trauiiia 
4=(over)belasting in occ lus ie 
5=(over)belasting t i jdens a r t i c u l a t i e 
ö^rocedure 
7=andere 
8=verwijderen 
9=onbekend 
vervolgbehandeling 
1. etsbrug herplaatsen 
2. andere etsbrug 
3. brug 
4. uitneembare voorziening 
5. géén nieuwe voorziening 
9. onbekend 
58 Π 
Onderzoek· Adhcsiefbrug kaartsoort 
Identificatienumner 1| I I I I | | l - Q J periode 10[~П 12 | F | O | I | 
b r u g n r . ' 'voorziemngnr. 
failure 
Regibtratiedanm (dag, imd, jr ) 
pijlereleraent 
nwb i l i t e i t 
1=arpa I 
2=arpa II 
3-arpa III 
4=fysiologisch 
belast ing 
bi j contrôle 
na ï f l oop 
l=occl . 
2=art. 
3=occl. + art . 
4=geen 
extensie los 
I-ja 
2=neen 
c a n e s 
pij lerelement 
2 1 Ш 
25 D 
27 Π 
32 Π 
37 D 
4θΠ 
1«ja 
2»neen 
evaluator 42 
1= η 
2= ρ 
" I I I I I I I 
pijlerclcment extensie pontic 
2 3 Г П 
26 D 
28П 2gD 30D 31 • 
33 D 34a 3sa 36 • 
38П 39 D 
41П 
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Onderzoek: Adhesiefbrug 
Identificatienumnier 1 l l l l l ΙΤΊ-Ι | J periode 10 Γ Τ Ί 
ι . . . . . . i voorzieninnnr. 
Registratiedatum 15І I I I I I I I 
bruqnr. 
kaartsoort 
12^Τ?ΓΠ 
failure ver. 
pijlerelement 
pij lcrclemcnt 211 I I 
rc^nigiji^ 241 | 
l^polijbten 
2-tandsteen verw. 
3=polijsten + tandsteen 
verw. 
4=neen 
antagonisten besiepen 29 LJ 
l=ja 
2=neen 
3=afwezig 
aanpassing verr icht 
A^beslijgen 
1=пгеп 
2.ja 
B=restaureren 
lineen 
2=restauratie l ing./pal . vervangen 
3=restauratie ponticzi jde " 
4=restaiiratie andere " 
5=nieuwe restaurat ie l ing./pal . 
6=nieuwe restaurat ie ponticzi jde 
7=nieuwe restauratie andere 
8=andere restaurat ie ( z i e journaal) 
1»neen 
A B C 
verwijder d 
1=eenzijdig los 
2=restaureren 
3=pontic los 
4=andere aanpassing 
5=neen 
8=n.v . t . 
47 D 
25 Π 
pi j lere lemeit 
2 3 Γ Π 
26П 27 D 
pontic 
28 Π 
3 ° 0 31 D 
35 С И П 38 [ 
A B C A B C 
41 I I I I 44 
A B C A B C 
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Lone lus ie 4 8 D 
1»onderzoek wordt voortgezet 
2»onderzoek wordt voortgezet, brug wordt herplaatst 
3»onderzoek wordt voortgezet met andere bruj; 
4«einde: bruggen laten te vaak los 
S=einde: p i j lers ongeschikt 
6=einde: patient wil niet meer 
7«einde. patient "lost to follow up" 
Indien etsbniR los of verwijderen noodzakelijk 
datuit losraken 
9=onbekend 
Diilerelement 
breukvlak 
1=glazuur 
2»in comp. 
3=in comp, t.p.v. perforaties 
4»extensie 
5=niet vast te stellen 
6-verwijdering noodzakelijk 
7»=breuk pijlerelement 
8-breuk etsbrug (metaal) 
9=onbekend 
vermoedelijke reden van loslaten 
1=afbijten 
2-eten/kauwen 
3=trauma 
4=(over)belasting m occlusie 
5-(over)belasting tijdens ar t icula t ie 
6»procedure 
7-andere 
8=verwijderen 
9-onbekend 
vervolgbehandeling 
1. etsbrug herplaatsen 
2. andere etsbrug 
3. brug 
4. uitneembare voorziening 
5. géén nieuwe voorziening 
9. onbekend 
5SD 
57 D 
58 • 
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Onderzoek: Adhesiefbrug 
Identificatienunmer 1 I I I I I I I |-| 1 1 periode 10 | | | 
/ I 
. / voorziemnnnr. 
kaartsoort 
i2R5rn 
brunnr. 
enquête 
Registratiedatum (dag, nmd, jr) is ι ι ι ι ι ι I 
Niet boven de stippellijn invullen 
1. Voldoet de etsbrug qua kleur naar 
Uw mening 
2. Voldoet de etsbrug qua vorm naar 
Uw mening 
3. Is de manier van kauwen of afbijten 
veranderd sinds U een etsbrug heeft 
4. Valt U iets op aan de etsbrug 
5. Heeft U klachten over de etsbrug 
6. Speelt U wel eens met de tong tegen 
de etsbrug 
7. Urtziet U de etsbrug bij kauwen of 
afbijten 
8. Zou U toch liever een andere voorzie­
ning in plaats van de etsbrug hebben 
9. Kiint U een etsbrug ook aan anderen 
aanbevelen 
10. Hoe reinigt U de etsbrug 
11. Voldoet de etsbrug naar Uw mening 
lelcmaal 
1 
г 
3 
1 | 2 | 3 
ja/neen 
ja/neen* 
ja/neen 
ja/sems/neen 
ja/sons/necn 
helemaal met 
4 S | 
4 | 5 
ja/neen/weet niet 
ja/neen/weet niet 
tandzijde/borstel/beide/anders* 
helemaal 
1 2 3 
helemaal niet 
4 S 
-21 U 
22D 
23D 
24 Q 
25П 
2бП 
27D 
28Q 
29П 
зои 
31U 
χ Doorhalen wat niet van toepassing is. 
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behorende bij het proefschrift 
CLINICAL PERFORMANCE OF ADHESIVE BRIDGES 
Nico Creugers 
20 maart 1987 
1 Composictrestauraties in pijlerelementen hebben geen invloed op 
de retentie van een adhacsiefbrug indien deze kort voor het plaat-
sen van de adhacsiefbrug vervaardigd zijn. 
2 De zwakste schakel in het „adhaesiefbrug-systeem" is gelegen aan 
de metaalzijde. 
3 Eenmaal losgeraakte en herplaatste adhaesiefbruggen hebben een 
verhoogde kans op (opnieuw) losraken. 
4 Een plakbrug is (nog lang) geen plaquebrug. 
5 Het zorgvuldig naleven van tandheelkundige behandelprocedures 
werkt positief nivellerend. 
6 Bij de huidige stand van zaken is de adhaesicfbrug - ondanks de 
verhoudingsgewijs beperkte levensduur - reeds gelijkwaardig in 
produktiviteit aan de conventionele brug. 
7 Het opnemen van een adhacsiefbrug in het verstrekkingenpakket 
van het ziekenfonds spaart geld en tanden. 
8 „Cosmetische tandheelkunde" is per definitie functioneel, daaren-
tegen kan men niet stellen dat „functionele tandheelkunde" altijd 
fraai is. 
9 Het beleid van de overheid ten aanzien van de universiteiten redu-
ceert de promotiemogelijkheden van de verjintwoordelijke minister 
in toenemende mate. 
10 De tijdsduur die staat voor een promotieproject is in de regel te 
kort voor clinical trials inzake de levensduur van tandheelkundige 
restauraties. 
11 Uit de dagelijkse berichtgeving (straatschending, inbraak, brand-
stichting en bommenwerperij) blijkt overduidelijk dat de bedrei-
ging voor de Nederlandse samenleving niet uit „het Oosten" komt, 
maar gelegen is binnen onze eigen grenzen. Het verdient derhalve 
aanbeveling de inspanningen in NAVO-verband - althans ten dele 
- over te hevelen naar die organen die onze samenleving en haar 
individuen directer kunnen beschermen. 
12 De twee effectieve manieren waarmee de verdedigende partij moet 
trachten de promotie te beletten zijn het schaak bieden en het pen-
nen van de pion. 
Minder betrouwbaar is het bestrijken van het promotieveld door de 
verdedigende dame en het minst doelmatig is de dame voor de vrije 
pion te plaatsen (Max Euwe). 



